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F. On the Relation of Ocular Characters to Cephalic and Pigmentation Characters. The characters 
we propose to deal with here are (a) the three Cephalic Indices, namely J, = 100 (Maximum parietal 
Breadth) /(Glabellar occipital Length), 7, = 100 (Auricular Height) /(Glabellar occipital Length) and 
J,;=100 (Auricular Height)/(Maximum parietal Breadth), (6) the Interpupillary Index, being 
100 (distance between centres of pupils)/(Maximum parietal Breadth), (c) the Index of the Sunken 
Eye (see Vol. 1, p. 118), and (d) the Hair and Eye (Iris) Colours as registered by Fischer and 
Martin’s scales. We will take our ocular characters in the order adopted in Section C. 


(a) Visual Acuity. We can deal either with Monocular or Binocular Vision, and either with 
the Special or the Medical Examination, but we shall confine our attention to the Special Exam- 
ination as we believe it to be the more accurate. 

(ia) Visual Acuity and Eye Colour. Table CCCXLIII provides the data for Monocular Vision. 


Table CCCXLITI. Visual Acuity (Monocular) and Eye Colour. 


Visual Acuity 


Martin’s Scale 1-50 1-40 1-29 1-11 91 “75 58 37 25 14 -08 04 Totals 
Dark Brown (2, 3) = 1 4 16 23 8 3 11 l 1 — —_ 68 
g Medium Brown (4) _— 8 21 63 64 32 30 24 21 9 7 3 282 
| Light Brown (5, 6) 1 2 14 43 42 16 23 19 9 6 6 5 186 
& | Hazel (7, 8) 2 3 21 32 31 33 22 17 2 13 2 4 182 
» Grey (9-12) a —_ 15 20 44 16 17 10 9 15 3 3 152 
ag Blue Grey (13, 14) _ 3 9 17 28 7 13 12 7 4 — —_ 100 
Pure Blue (15, 16) _— — 1 6 8 5 6 8 1 1 — 2 38 
Totals 3 17 85 197 240 117 114 101 50 49 18 17 1008 
26 
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The following are the array-means: 
Grade of Eye Pigmentation 


Martin’s Scale Normal Scale Mean Visual Acuity 
Dark Brown (2, 3) 1-9345 8449 + -0293 
Medium Brown (4) °8537 “7941 +0144 
Light Brown (5, 6) 1537 -7766 +-0174. 
Hazel (7, 8) — +3138 -7937 +-0179 
Grey? (9-12) — +8078 -7359 -+£-0196 
Blue Grey (13, 14) —1-3820 -7970 +0242 
Pure Blue (15, 16) —2-1782 “6813 +.:0392 
General Population? Origin *7815 +:0076 


1 Le. 9, 10 Hazel Greys, and 11, 12 =Grey Blues. 
With the exception of the Pure Blues and possibly of the more intense Dark Browns, it cannot 
be said that the mean visual acuities of any shade of eye colour differ definitely from the popu- 
lation mean. But an examination of the lower 


2 Standard Deviation -3586. 


VISUAL AGUITY & YE COLOUR 


half of Diagram 151 indicates that there is on 
the whole a slight drop in visual acuity as we 
pass from the darkest to the lightest eyes. If we 
assume a normal distribution for eye pigmen- 
tation, we find for the correlation coefficient: 
r = :0634 + -0211, 
which is probably, if small, just significant. We 
have again for the correlation ratio of visual 
acuity on eye colour: 
7” v4.00 = *008,268, 

Wracuo = °005,952 + -002,311, 
showing that p42 ¢ hardly differs signifi- 
cantly from 7y42c. Hf, notwithstanding, we 
proceed to correct for class-index* we find 

n' va.ec = °0935 [+ -0211), 
against = fip4.no = ‘O771. 

The difference between 7 and 9’, 4 7c and the 
slender basis for both do not justify the use 
of anything but a straight line for graduation. 

(ib) Visual Acuity (Binocular) and Eye Colour. 
Since the two eyes are of unequal visual acuity 


we should expect the association to be lessened. The following table contains our data: 


Visual Acuity Reduced to Working Scale 


ALIEN JEWISH BOYS 


Eye Golour 
Diagram 151. 


Table CCCXLIV. Visual Acuity (Binocular) and Eye Colour. 
Visual Acuity 


MEDRNT LIGHT BLUE 
Sa a se 


Visual Acuity Srellen’s Scale 


Martin’s Scale 1-50 1-40 1-29 L-ll 91 ‘75 58 37 +25 14 08 ‘04 | Totals 
Dark Brown (2, 3) = = 4 8 13 3 3 2 33 
& | Medium Brown (4) _— 5 16 43 28 i 8 9 6 3 3 I 133 
2 Light Brown (5, 6) 1 — 13 21 13 7 ll 2 1 2 2 — 73 
& | Hazel (7, 8) 1 =— 16 19 18 il 6 2 1 = = 1 15 
© | Grey (9-12) = 1 10 18 16 7 5 5 2 4 1 1 70 
ep | Blue Grey (13, 14) 1 1 4 14 11 2 6 5 1 1 — — 46 
Pure Blue (15, 16) — — 1 4 7 — — 2 14 
Totals 3 7 64 127 106 41 39 27 11 10 6 3 444 


* Class-index correlation for Eye Colour treated as a normal distribution = -9722. 
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The array-means of Visual Acuity for each Eye Colour are: 
Grade of Eye Pigmentation 


Martin’s Scale Normal Scale Mean Visual Acuity 
Dark Brown (2, 3) 1-9033 -9273 +.-0383 
Medium Brown (4) *7958 -8968 +-0191 
Light Brown (5, 6) ‘II ‘9106 +-0258 
Hazel (7, 8) — -B185 9649 +.-0254 
Grey (9-12) — -7994 8574 +-0263 
Blue Grey (13, 14) —1-4127 8876 +0325 
Pure Blue (15, 16) —2:2487 9171 +-0589 
General Population Origin -9063 +-0105 


1 Standard Deviation -3265. 


None of these means with the just possible exception of the hazel eyes shows any significant 

difference from that of the general population. This is confirmed by the correlation ratio 
2" 74.20 = °009,933, Praec = 013,513 + -005,221, 
while the product moment correlation is given by 
r = :0210 + -0320, 

again marking no significant association. The upper half of Diagram 151 confirms this result 
graphically. We conclude that there is very little relation indeed between Visual Acuity and Eye 
Colour within a race. It is probably just sensible for monocular vision, but we cannot detect it 
for binocular vision. 

(iia) Visual Acuity and Hair Colour. As in the case of Eye Colour, we deal first with Monocular 
Vision, for which the data are given in Table CCCXLV. 


Table CCCXLV. Visual Acuity (Monocular) and Hair Colour. 


Visual Acuity 

Fischer’s Scale (Hair) 1-50 | 1-40 | 1-29 | I-11 | -91 “75 58 37 “25 14 -08 04 | Totals 
Black (27,28)... aes ia 4/7] 6 1 : 2/ 2]/— | 2 38 
Very Dark Brown (4) — |} 25 | 17 | 42 | 58 | 26 | 165 | 18 | 10 | 13] 3 | 3 | 209 
Dark Brown (5, 30) 1 | 45 | 22 | 56 | 50 | 23 | 445 | 28 | 22 | 13 | 8 | 3 | 275 
Medium Brown (6, 7) 2 | 3 24 | 67 | 64 | 42 | 30 34 | 10 | 15 | 7 | 6 | 304 
Light Brown (8-11, 13, 14) sae) hee 14 | 21 | 42 | 19 | 17 1B |) Bel sae |e ee | a 
Slatey (25, 26) é = = 3 3 10 — — 3 1 —.| — 2 22 
Red (1, 2, 3) '* 1 t.| 6°) 4 4 Be Le er eh 16 
Totals. ae ane 3 | 17 | 85 | 197 | 240 | 117 | 113 | 101 | 50 | 50 | 18 | 17 | 1008 


The array-means for given Hair Colour are: 


Grade of Hair Colour Mean Visual Acuity 
Black we 7892 +-0393 
Very Dark Brown.. *7906 +-0168 
Dark Brown aig -7467 +:0146 
Medium Brown ... *7817 +:0139 
Light Brown ae 8378 +-0202 
Slatey wes aoa 8064 +0516 
Red see oe 6688 +-0606 
General Population! *7811 +-0076 


1 Standard Deviation -3591. 
It may be doubted whether any of these means can be considered significantly different from the 
population value, having regard to their probable errors. This is confirmed by the lower half of 
Diagram 152, and the following values of the constants: 
2” y4.0c = °007,880, Prauc = 005,952 + -002,311. 
7 y4.nc 18 thus not significant having regard to 92 )-4.170*. 
' * Corrected for class-index, Nranc = 9918 Qy4 ao = 0771). 
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Assuming a normal scale for hair pigmentation—not very legitimate with Red at the end of 
the scale—we have 


y = — -0201 + -0212. 


It is fairly clear that no other position of 
Red would essentially modify this result. 

We conclude that hair pigmentation has 42 
little to do with visual acuity, even the red- 
haired boys with their low mean acuity may 
be a result of sampling on the small number 
of 16. 


(ib) Visual Acuity (Binocular) and Hair 
Colour. The results of this investigation con- 
firm those for monocular vision. The red- 
haired boys have a low visual acuity as in the 
previous case; the slatey-haired boys appear 
to have a high visual acuity, but this difference 
from the previous result arises from the fact that 
of two boys in this class (see Table CCCXLV) 
one had a very poor right eye (-04) and the 
other a very poor left (-04), but the vision 


| Oe cc 
being good in the other eye of each, they do 
not influence in the same way the means in 


z 
the case of binocular vision. 


Table CCCXLVI. Visual Acuity (Binocular) and Hair Colour. 
Visual Acuity 


“91 


VISUAL ACUITY & HAIR COLOUR 
—EEEoEoo EES 
ALIEN JEWISH BOVS 


Binoculbr Visior 
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Visual Acuity Srellen’s Scale 


Visual Acuity Reduced to Workiné Scale 
. * 
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Hair Colour 


Diagram 152. 
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Hair Colour! 


Black... si 
Very Dark Brown 
Dark Brown 
Medium Brown... 
Light Brown 
Slatey 

Red 


ot 
& 


ewwhe 
oo bom | 
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Totals 64 127 106 41 38 27 Il 


1 See preceding table for the numbers of Fischer’s scale. 


Diagram 152 shows how little relation visual acuity within the race has to hair colour. The array- 
means with their probable errors are given below. 


Grade of Hair Colour Mean Visual Acuity 
Black das er +8982 +.-0538 
Very Dark Brown... +9132 4--0240 
Dark Brown -9026 +-0203 
Medium Brown +8918 +-0186 
Light Brown -9289 +-0277 
Slatey 1-0033 +-0739 
Red ‘7771 +:0838 
General Population* -9051 +:-0105 


1 Standard Deviation of Visual Acuity -3287. 


tation. The same result is reached from the correlation constants: 
ny 4.HC = 003,729, 
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Not one of these array-means marks a significant differentiation of visual acuity with pigmen- 


q 


2 
VA 


HO ‘013,513 a 


005,221, 


and the product moment coefficient based on a normal scale for hair pigment: 
r = — :0160 + -0320. 


Although we are thus compelled to suppose that intra-racially there is no association of pig- 
mentation with visual acuity it does not follow that inter-racially such may not exist. 
We now pass to such measurements as we have of the shape of the head. In the first place we 
have to deal with the three cephalic indices 100 B/LZ, 100 H/Z and 100 H/B. We start with 
J, = 100 B/Z, the usual cephalic index. 


(itia and b) Visual Acuity and Cephalic Index, I,=100 B/L. The following tables give the data 
for monocular and binocular vision: 
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Tables CCCXLVII and CCCXLVIII. Visual Acuity (Monocular and Binocular) with I,= 100 B/L. 


28 Monocular Vision i Binocular Vision = 
63 3 “d 
g2\s]slalelslel2/s[8l2l2l/slels]/slalels/elels(s]z/e]e|é 
al _ = el ~ ~ fon] = 
69-95 2 I 38) —|—};—-—]— 6 1 it 2 
71-95 1 1 2 1 1 
73-95 }—|;—|—]|] 2] 5 I 8]/—i—;—|] 2] 2 4 
75-95 | -—{|—|—| 9 | 12 4 3] — 1 1} 2|/—]| 32])—j] 1 2; 3 7 2 1 16 
77:95 | — | 2 4 | 22 | 33 | I1 | 13 9; 4] 5;/—] 1] 104 );—|}—] 5] 14] 17) —] 6 1 2 1 |—j}—| 46 
79:95 | — | 5 | 24) 33 | 29] 24) 19} 17] 6) 11) 6 | 6 | 180, 1 | 1 | 15) 17) 20) 7) 6) 4/2; 3) 4 4] 14 82 
81-95 | — | 1 7 | 35 | 55 | 28) 25] 20/13] 6] 2] 4 | 196 )//—] 2] 38] 31]/19] 10) 5 | 6) 3); 2)/—j]1 | 82 
83-95 | 3 3 | 20 | 43 | 54; 30 | 26} 23] 14] 11 | 4 |] 3 | 234 || 2 1 | 17) 380; 17) 11) 9 {| 6 | 2 I 1 |—}]| 97 
85:95 | — | 3 |; 20} 39 | 28] 11] 14} 19] 5; 13] 38 | 1 | 166 )/— | 2] 14); Qt; 1; 4) 5] 5] TP] 2} dy]. | 7 
87-95 | — | 1 6 | 10] 17 3 9} 5) 83;/—]—] 2 56 || —;—; 5; 5; 6] 4; 4 IL }—|—|—] 1 26 
89:95; —}—} 38] 3] 8] 2) 2; 2) 2) 2; 17] 1 26//—|}]—} 2) 4] 1] 1] 2] 2) 1 )—);—;—] 1B 
91:95 | — | 2 lj 1); 38/—7y 1] Lf b_y—y—i—y] wy—jy—y]ry}—] ry i}i1i);—;—}—|—-}—)| 4 
Totals| 3 | 17 | 85 | 197] 244] 116] 113) 100} 49 | 50 | 18 | 18 | 1010]; 3 | 7 | 64 | 127/106) 41 | 38 | 27 | 11) 10) 6 act 444 
Array-Means 
Grade of Cephalic Mean Visual Acuity Grade of Cephalic Mean Visual Acuity 
Index, 100 B/L Monocular Index, 100 B/L Binocular 

74:70 ‘7796 +0349 74-91 9065 +--0462 

77-95 8007 +-0237 77-95 9120 +-0327 

79-95 ‘7781 +-0180 79-95 +8742 +0246 

81-95 7482 +--0173 81-95 *8788 +-0245 

83-95 7818 +--0158 83-95 9434 + -0225 

85-95 +8046 -1--0194 85-95 9324 +0261 

87-95 ‘8189 -£-0323 87-95 8919 +--0435 

90-51 7753 +-0403 90-42 8447 +. :0538 

General Population?: *7818 +0076 General Population!: 9051 +-0105 


1 Standard Deviations: Monocular Vision -3589, Binocular Vision -3287. 


The remaining constants are: 


Cephalic Index, 1, 


29 


9 


Mean: 
Standard Deviation: 
Product Moment Coefficient 7: Monocular -0253 - 


Correlation Ratio: Monocular 7,47, = 


39 


29 


Binocular 74.7, 


Monocular 82-56, 
3°5204, 
| 0212, Binocular -0265 + -0320. 
006,931 + -002,487. 
-015,766 +: -005,640. 


003,236, 
008,310, 


99 


= 2, 

VVAL 
2 

VV AT, 


Binocular 82-57. 


”? 


3:5738. 


Whether we judge by the correlation ratios, the coefficients of correlation or array-means, we 
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find no significant differentiation of visual acuity with cephalic index 100 B/L. It seems unnecessary 
to provide graphs for what is here obvious on the constants. 


(iva and 6) Visual Acuity and Cephalic Index, I, = 100 H/L. 


Tables CCCXLIX and CCCL. Visual Acuity (Monocular and Binocular) with I,=100 H/L. 


28 Monocular Vision es Binocular Vision 7 
ee S 3 
Sf /sislalalele|eis al/alsls/eis/sjajalalele/s)/s]/2]/e]4| 2 
el a] a] a] a 4 on] 4 
59-95 2 2 1] 1 
61-95 2 2 J J 
63:95 | — }] — | — | — 6 3 2 38);—}]—|]—]f— 14 |} — } — ] 2 1 1 5 
65-95 | — | — 4}; 11 4 ] 5 7 38/—~—}]—|] 1 36 || — | — 4 4 3} — 1; 2);—J];—J]—]— 14 
67:95 | — | — 4 | 22} 32] 15; 11} 11 4 9] 4 2) 114 |} —] — 6 | 15 | 18 4 1] 5 1 3 2) — 50 
69-95 | — | 2 | 23 | 51 | 45 | 27 | 32 | 24 7116) 3 6 |} 236 |} —}— |] 14 | 35 | 23] 11 | 18} 8 | — | 2 1 | — | 107 
71-95 | 2 8 | 31 | 60 | 59 } 25 | 25 | 12 | 10 7) 6 3 | 248 2 4 | 22 | 37 | 24 7 8] 3 3 2 2 1 | 115 
73-95 | 1 3 | 17 | 34 | 46 | 26 | 23 / 31 6 91 4 2 | 202 1] 1 | 11 | 21 | 25 8 8] 6 3 2 ] 1 88 
7595 | — | 4 2/11) 24] 11 9 7 | 12 8; 1 3 92 || —; 2 3 9 9 4 3 | 2 3 1|[—| 2 38 
77-95 | — | — 4 6 | 26 6 3 4 5} —~}—}— 54 |} — | — 3 3 8 4 2 1 21 
79-95 1 2 ] 2)/—~-)/—|]— 6 ] I] 1}/—[{[—]}—]— 3 
81:95 
83-95 1 1 2 
Totals| 3 | 17 | 85 | 197] 243] 116] 112] 100 “49 50 | 18 | 18 | 1008]; 3 7 | 64 | 127] 106] 40 | 38 | 27 | 11 | 10] 6 4 | 443 
From these tables we deduce the following values: 
Array-Means 
Grade of Cephalic Mean Visual Acuity Grade of Cephalic Mean Visual Acuity 
Index, 100 H/L Monocular Index, 100 H/Z Binocular 
65-06 *7730 +--0330 65-00 ‘9767 +:0484 
67-95 +7286 +::0227 67-95 +8496 +-0308 
69-95 +7720 +:0158 69-95 9061 +-0215 
71-95 +8720 +0154 71-95 +9750 +.-0207 
73°95 “7658 +:0170 73°95 -8768 4:-0237 
75-95 -6805 +0253 75°95 8237 +-0360 
78°34 +7673 +-0308 78-20 +8579 + -0453 
General Population}; 7819 +0076 General Population?: 9054 +-0105 
1 Standatd Deviations: Monocular Vision -3592, Binocular Vision -3290. 


Cephalic Index, 4, 


99 


Correlation Ratio: 


99 


Mean: Monocular 71-82, 
a Standard Deviation: 5 3°1482, 
Monocular 7” y4.7, = °025,945, Pras 
Binocular 74.7, = °024,993, PV Ad, 


The results here are distinctly puzzling, certainly the monocular 
table give a significant correlation ratio. On the other hand the correlation coefficients are not 
significant, and this points to a roughly symmetrical regression curve. Turning to the array-means 
we see that several have values significantly different from the general population means. Thus 
a maximum visual acuity is reached about J, = 71-95, while there are significant minima at 
67:95 and 75-95. That is to say, a maximum visual acuity appears to be reached extremely 
close to the mean or modal value of this cephalic index. It looks as if the head ratio H/L was 
more important ocularly than B/L. Diagram 153 shows the nature of the association (y’ = -1611 


Binocular 71-76. 
3:0203. 
Product Moment Coefficient 7: Monocular — :0271 + -0212, Binocular — -0587 + -0820. 


9? 


005,952 +- -002,311. 
013,544 + -005,234. 
and possibly the binocular 
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for monocular, and -1254 for binocular vision); it is not very intense but may be a clue to something 
more important*. 


VISUAL AGUITY & CEPHALIC INDEX 100'%, 
ALIEN JEWISH BOYS 


O- —O Binocular Visio 
@- - -@ Monocular Vision 


BIN. MEAN 


Visual Acuity Reduced to Working Scale - 
Visual Acuity Sxeller’s Scale 


64-0 66:0 68-0 10°0 12-0 140 6-0 78-0 80-0 
Cephalic Index 100% 


Diagram 153. 
We have graduated the regression curves with quartics. 
The third cephalic index, J, = 100 H/B, now remains to be considered. 


(v aand b) Visual Acuity and Cephalic Index, I,=100 H/B. Our data for both monocular and 
binocular vision are given in Tables CCCLI and CCCLII below. The array-means are as follows: 


Monocular Vision Binocular Vision 
Grade of Cephalic Grade of Cephalic - 
Index, 100 H/B Mean Visual Acuity Index, 100 H/B Mean Visual Acuity 
79-55 7420 +-0341 79-63 9453 +-0508 
81-95 8185 +-0252 81-95 9689 + -0360 
83-95 -7901 +-0198 83-95 8951 +-0269 
85-95 ‘7918 +-0154 85-95 9212 +-0208 
87-95 *8275 +:0183 87-95 +9400 +-0249 
89-95 *7720 +°0198 89-95 °8574 +-0281 
91-95 -7066 +-0263 91-95 8583 +-0375 
95-89 -6910 +-0288 95-42 *8157 +-0405 
General Population!: -7807 +-0076 General Population': *9047 +-0105 


1 Standard Deviations: Monocular Vision -3592, Binocular Vision -3286. 
There is very little of definite significance to be made out of this series of means; probably a 


* We formed a table of Visual Acuity and Absolute Auricular Height (H), with a view to an age corrected partial 
correlation. But we found the correlation coefficient: r = — -0496 + -0211, a scarcely significant value, and of no prog- 
nostic use. It might easily arise from Auricular Height increasing and Visual Acuity slightly decreasing with age. The 


correlation ratio gave 1 2y 4.47 = °035,027, Py 4.4 = 018,775 + -004,068, 


suggesting a significant but small 7’, , ,- The graph, however, provided no indications of real value, and we have not 


thought it worth while to publish it or the corresponding table. Mean Auricular Height = 127-907 mm.; Standard 
Deviation = 5-8353 mm. 


Index I, 
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r = — :0641 + -0211 for monocular, 
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very high ratio of auricular height to breadth does mark a somewhat reduced visual acuity. 
For the Product Moment Correlation we have: 


ry = — -0948 + -0317 for binocular vision, 


both denoting small but significant associations marking a fall in visual acuity with increase of 


the index. 
On the other hand for the correlation ratio we have: 


0 yar = 012,789, 
0 aT, = 015,692, 


Visual Acuity Reduced to Working Scale 


v4.1, = °006,917 + -002,480 for monocular vision, 
v4.1, = °015,730 + -005,621 for binocular vision, 
the first of which is, perhaps, and the second is not significant. They give n’)47, = ‘1131 and 


-1253 respectively, showing that what association there is is nearly linear. Diagram 154 shows 
the regressions. 


VISUAL _ACUITY_ & GEPHALIG INDEX 100%, 


ALIEN JEWISH BOYS 


O— -O Binreculse Vision 
@- - -@ Morocular Vision 


84-0 86-0 88-0 90°0 92-0 94-0 
Cephalic Index 100 44, 
Diagram 154. 


SIN. MEAN 


ee ee eee eee 


Visual Acuity Sreller’s Scole 


Tables CCCLI and CCCLIL. Visual Acuity (Monocular and Binocular) with I,=100 H/B. 
3% Monocular Vision n Binocular Vision » 
$5 3 = 
ee/2)3l/aj=|2/@l/#/8/8/2/2]2|2/3is]als/el/2*/8lslalzfele!| 2 

o ~ 4 ~ . 4 4 4 aa 
75:95 2 2}}/-—;~-|— 1 I 
17-95 ;—|—/|—]— 1 ] 1 1 2/—|j-—|l— 6 1 —_— l 
79:95 | -— | — 4 | 12 8 2 2 8 1 3 1 1 42 |; — | — 3 vi 2/—| 3 2)/—]—]—j — 17 
31-95} —! 1/15/16/ 26] 4] 8/10} 3} 6/ 2] 1] 92//—]}—j1i0}/13; 6] 1] 4} 2;—}1]1]—) 38 
83-95 | —}) 3 | 15] 31 | 30} 14 | 22 | 14 9 5 | 2 3 | 148 |} —} 1 12 | 16 | 16 7| 6 6) 2 1 1]|— 68 
95-95 | 2 | 3 | 25152144 | 32}33/29] 6112] 5 | 3 | 246] 1 | 2 | 20| 34) 20) 12) 9 |r} 1] 2) 2/—] 14 
37-95 |—-| 2 | 9|50]45/24|14114] 1] 9] 2] 4 | 174 ]/—1 1] 8) 34] 17] 71/5} 2)/—]|2]1] 2] 79 
89-95 1 6 | 11 | 20 | 41 | 18 | 18 8 9 7| 4 5 | 148 1 1 6 | 13 | 20 7 | 5 2) 2 3 }/—! 2 62 
91-95 } — } 2 2/13 | 20 | 14 7 7 | 15 2) 2 );— 84 1 1 3 7) 11 4/2 5 l 35 
9395 |—|—| 2) 1/14} 4| 7] 6} 2] 4/—|/—| 4of—]| 1] r]—] 8} 2) 4] 1} 1) 1}—}]—] 
9595 /—}—|—| 1] 3} 1; 1/—/—]—!l—!—] 6]}/—|~—|]—] 1] 2 3 
97-95 |—|—|] 2} 1] 2] 2 2 1 10 |)-—|—| 1] 1] 2 1 5 
99-95 | — | —}—}—! 7] L]—-] 2) 2] T}—] 1 14 2 ] 3 
Totals| 3 | 17 | 85 | 197] 243/117) 113] 101] 50 | 50 | 18 | 18 | 10121} 3 7 | 64 | 127| 107] 40 | 39 | 27) 11110] 6 4 | 445 
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The remaining constants are: 
Mean Index, 100 H/B: 


Standard Deviation of Index: 


Monocular 87-0923, Binocular 87-0556. 
Pr 3-9680, 


29 


3°7792. 


209 


(via and b) Visual Acuity and Interpupillary Index. The interpupillary index is 100 x by the 
ratio of the distance between the pupils to the parietal breadth of the head. It is thus a relative 
measure of the distance of the eyes apart. Our data are contained in Tables CCCLIII and CCCLIV. 


Tables CCCLITI and CCCLIV. Visual Acuity and Interpupillary Index. 


rT rs R Monocular Vision “ Binocular Vision - 
SES fs ‘S 
Beei3/s/a)s 2l2@/#/8/8/=/2/4]e 72/8 /8l/sle]2#]3]5]/8l/2le]s] 2 
— Lol et = [oma | foam Lond Ce | 
34:45 |} — | L | — 2 1\|—|— 2/—j)—|]—|]— 6 1 - 1 —_ 2 
35°45 ) — | 2 2 3 8 1 2 2 20 || — | — 1 3 1 1 I 1 8 
36-45 | —|—} 21 8/21| 7) 3] 8! 3] 5|/—}1) 58847—|—) 1) 7] 7] 3) 1!/—}1]}1}—] 14] 22 
37:45 | 3 3 7 | 12) 27) 10 | 12 | 10 9 7) 4 | — | 104 2 1 8 5 | 1l 2 2) 2 2);—|]2)]— 37 
38-45 | — | 4 | 17 | 24 | 61 | 15 | 20 | 14 | 10 4) 1 4 \ 174 || —} 3 9 | 20 | 27 7 8} 3;—;2{'—]1 80 
39-45 | — | 4 | 12 | 35 | 51 | 19 | 21 | 10 7{10;—| 3 | 172 I 1 | I1 | 21 | 18 | 10 4/3 3 2;—]/ 1 75 
40-45 | -—— | 3 | 24 | 39 | 25 | 26 | 25 | 19 4 51 4 6 | 180 |}; — | 1 | 17 | 24 | 14 2/12) 4 1 2 1 j|— 78 
41-45 | — | —-] 11 | 29 | 25 |} 16 | 10 | 12 7 8}; 1 3 | 122 |) — | — 9 | 20 | 12 4 4] 3 3 2;—]1 58 
42-45 | — | — 3 | 28 8 | 10 9 7 4 1} 3 1 74 |} — | — 4/15 3 6 3} 3 |—|]—]2]— 36 
43-45 | — | — 5 9 8 8 9 6 2 5 |—}]— 52 }) —] 1 3 4 8 3 2); 3{/—!]1)—)— 25 
44-45 | — | — 2 2 2 2/—\|— 2);—|/—!— 10 ||} — | — 1 2|/— 1|— ] 5 
45-45 | — | —] — 1 4|— 2 2)— DoS Se 10 |} — | — }] — 1 34/—{—] 1/—|]—t—|] — 5 
46-45 | —|—|—| 4] 1 1 6. [aa a 8 Begs 3 
47-45 Oe Bil ba teccal eee] Tel et a ese [el 
48-45 — ff— {| — Ff — nae 
49-45 1 1 2 || — | — 1 1 
Totals} 3 | 17 | 85 | 196] 242] 115) 112) 95 | 49 | 47 | 15 | 18 | 994 3 7 | 64 | 126/105! 39 | 38 | 24] 11 | 10] 6 4 | 437 


The constants of these tables are as follows: 


Interpupillary Index, Mean: 


99 39 


Visual Acuity, Mean: 


Product Moment Coefficient 7: 


Monocular — -0222 + -0213, 
Binocular — -0180 + -0320. 


Correlation Ratio: 


Standard Deviation: 


Standard Deviation: 


Monocular 974.7), = *009,008, 
Binocular 79 p41, = *006,760, 


Monocular 39-8444, 


7 2-2136, 


Monocular -7876, 
Pr -3565, 


Wva.tp1 = °009,054 + -002,865, 
Pya.m1 = ‘020,594 + -006,472. 
Neither the correlation coefficients nor the correlation ratios can be considered as significant. 


Binocular 40-0038. 
2-2168. 


99 


Binocular 


29 


-9090. 
+3280. 


The graphs seem to indicate a slightly parabolic form of the regression curves with a maximum 
near the modal value, 40, of the index, but the association is so slender, that we have not engraved 
them, nor published the array-means. We conclude that the relative distance apart of the pupils 
does not influence significantly even binocular vision. 


EUGENICS III, 111 & IV 
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(viia and b) Visual Acuity (Monocular and Binocular) and the Index of the Sunken Eye. Our 
data are given in the tables below: 


Tables CCCLV and CCCLVI. Visual Acuity and the Index of Sunken Eye. 


4S 2 Monocular Vision 2 Binocular Vision 
gee a a 
SSS/S/S/S/2/Sl#/BSlSis{s/sis] sg SiRlS(SlS/S Slalsz sls] eZ 
o ~ —_ _ — ol *. . ° & 
76:45 | — ] —_— 1 2 1 aon 1 
hie a) re eer ieee eo = 
78-45 — Bee ho lee es | 8 oe 
POA |e | eal ee || = — 
BOae | caste a! ae Vee [ee Ne ae ee eee | | oe 1 1 
S14 ee = = 
g2-45{—;—}/~{—] 1y—/—{/—j—] 1 {—] 2 4 |} — =, 1 1 
83-45 | — | 4 3 2);—/]— 2 4;—|1/]—] 2 18 1 ]|— 2 1 I ] 6 
84:45 | — | — 1 2) 10 5 1 2}/3/;/—|—]— 24 || — | — | — 5 4 1 10 
35-45 |—|—|—]| 7]/16e}—] 4] 4/2] 5]/—/—] 38]/—}]—|—] 6] 5]) 1) 1]}a4y— —j| 15 
86-45 | 1 2 4 | 12 | 22 8 7 9 | 2 2);—]1 70 1 |— 5 6 | 12 2-1 2;— —_— 29 
87-45 }—|] 2]11/138}18 | 9;138] 5] 6] 4}]—] 1 82 |} —]} 1 6| 8] 6/ 4} 4]—/] 1 ee 
88-45 | — | — | 11 | 84 | 50] 24] 8/10] 6] 6 | 3] 4 | 1561) —] 1 9/21) 24; 7/3) 3}— =— | -70 
89-45 | — | 2 | 19 | 31 | 35 | 13 8; 15| 6 9 1 1 | 140 |} — | 1 | 14] 20} 14 3] 4 4)— ] 63 
90-45 | — | — | 10 | 32 | 27 | 17 | 13 6| 4 7 4 |— | 120 || —] 2 | 10] 17] 10 6) 6 5 3 a 61 
91-45 |} — | 2 9 | 30 | 24 | 20 | 22 | 17] 9 4 4 3 | 144 || — |] — 7|17)13/]10)] 5 4 3 1 62 
92-45 | — | 2 6]12}20/10/13} 6| 3] 4)]—{]—]| 7] —|]1 4/11] 9] 3] 7]1 1 —| 37 
93-45 | — |} 1 9 7110 § | 11 9} 4 4 3 I 64 |} — | — 5 6 7 1] 2 3 1 sos 28 
94-45 | ~— | 2 | — 8 7|—|10 6] 5 3 2 ] 44 |} — | 1 Jj — 6 2 1] 4 3 2 — 20 
95-45 |}—}|—j)]—] 4]/—]| 3 1/—|—/]—] 1 1 10} — | —j—]} 2—] 2F—J—f— = 6 
96-45 | —- | — | — 2 2}/;—{— 4/—;};—]—]— 8 i]}/—}|;—ft— 1 ] 2 = 4 
97-45 | 2 }—}—~—~/—J—}l—ymlynm lm} ocl el 2 1 — —_ — nae 1 
98:45 | — | — | —~|]—!1—}]—}] — 2)/—|—i—]— 2];—}—}/—}—-|i—}]~mlym—tl erie oy 
99-45 | — | —j; —~}—f—-f 2f—}—f;—-f-fF-yr 24 —}/—/—/—}]—]—/]—-—!f!-j— pasa ea 
Totals| 3 | 17 | 85 101] 50 | 50 | 18 | 17 | 1012)} 3 | 7 | 64 | 127/107] 41 | 39 | 27 4 


The constants of these tables are as follows: 


Index of Sunken Eye, Mean: Monocular 89-7069, Binocular 89-8670. 
a Standard Deviation: 3 2-9261, ” 2-7656. 

Acuity of Vision, Mean: Monocular -7814, Binocular -9044. 
o 6 Standard Deviation: a 3585, ay 3284, 


Product Moment Correlation r: 
Monocular — -0541 + -021], 
Binocular — -1416 + -0310. 


Correlation Ratio: 
Monocular 7’2y4.9n7 = °017,132,  #y4.sur = °009,881 + -002,966, 
Binocular ny 4.9RI = -029,618, 7 V4.SEI = -022,442 + -006,690. 


It will be seen that the correlation coefficients indicate some significance although their intensity 
is small. This is not conclusively confirmed by the correlation ratios. If we treat them as significant 
we have 7’74.sr = °1309 and -1721 respectively, which indicate that the association if real can 
hardly be considered linear. Since the correlation coefficients are negative, i.e. the more pro- 
tuberant the eye, the less the visual acuity, the small correlations cannot be a secondary effect 
of age, for Visual Acuity (Vol. 1, p. 123) and the Index of the Sunken Eye (Vol. 1, p. 137) 
both decrease with age, so that the secondary effect would be marked by a positive correlation. 
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The array-means are given below and Diagram 155 contains a graph of the regression curves 
graduated by unweighted cubics. 


Array-Means 
Monocular Binocular 
Grade of Index Grade of Index 
of Sunken Eye Mean Visual Acuity of Sunken Eye Mean Visual Acuity 
82-027 -7503 +°0441 82-228 -9133 +-0738 
85-063 -7381 +:0307 85-05 +9196 +-0443 
86-45 -8144 +-0289 86°45 ‘9776 +:0411 
87-45 +8054 +-0267 87-45 9416 +-0398 
88-45 -8110 +--0194 88-45 9497 +-0265 
89-45 *8314 +-0204 89-45 9646 +-0279 
90-45 *8150 +:0221 90-45 +8939 +-0284 
91-45 -7420 +--0202 91-45 +8477 +-0281 
92-45 °7978 +:0277 92-45 -9159 +.-0364 
93-45 -7059 +:0302 93-45 8232 +-0419 
95-185 -6778 4--0293 94-998 *7523 +-0398 
General Population: -7814 +0076 General Population: 9044 +-0105 


VISUAL AGUITY & INDEX OF SUNKEN EYE 
ALIEN JEWISH BOYS 


O~ -O Birocular Visor 
@- - -@ Moruculas Visior 


cale 
~ 
i] 


Visual Acuity Reduced to Working 5 
Visual Acuity Srellen’s Scale 


82-0 84-0 86-0 88-0 9go-0 92-0 94-0 96-0 
Index of Surkee Eye 
Diagram 155. 


Both series suggest a more or less orderly sequence beneath the random variations, the visual 
acuity reaching a maximum with the modal value of the index and decreasing on either side of it. 
Such a state of affairs is what we should expect on any theory of selective evolution, the effective- 
ness of the eye modelling the skull, and not the skull limiting the efficiency of the eye. 

The stress we lay is on the general orderliness of the series of array-means, which only in one or 
two individual cases border on significant differences. On the whole, believing that vision is 
largely a hereditary character, we have been disappointed in not finding higher correlations with 
the craniometric measurements. At the same time visual acuity is only, so to speak, a useful 
summary of the efficiency of the various factors which modify vision, and before asserting that 


27-2 


212 PROBLEM OF ALIEN IMMIGRATION 
cranial characters do not influence vision, it will be of value to ascertain whether the individual 
factors of vision have equally small associations. 
(6) Refraction Class. The pigmentation data are given in the accompanying contingency tables. 
(ia and b) Refraction Class and Pigmentation. 


Tables CCCLVII and CCCLVIII. Refraction Class and Eye and Hair Colours. 


Eye Colour 
Refraction Class ae aoe cen Hazel Grey Gree ad Totals 
Emmetropia ... ote 44 159 95 104 89 54 16 5614 
(+ 3-75) (+°51) (— 4:37) (+ 2-11) (45-98) (— 5:12) (— 2:87) 
Hypermetropia 10 16 7 14 6 Il 4 68 
(+ 5-12) (— 3-21) (— 5-04) (+ 1-65) (— 4-06) (+ 3-83) (+1-71) 
Hypermetropic Astig- 
matism “ Sia 3 14 14 13 6 12 6 68 
(— 1:88) (—5-21) (+ 1-96) (+ -65) (— 4-06) (+ 4:83) (+ 3-71) 
Mixed Astigmatism ... 0 4 2 3 1 3 0 13 
(— -93) (+ 33) (— -30) (+ *64) (— 93) (+ 1-63) (— -44) 
Myopic Astigmatism 0 9 7 7 12 5 0 40 
(— 2°87) (~ 2-30) (—-09) (—-26) (+ 6-08) (+.-79) (— 1-35) 
Myopia 7 50 33 21 18 9 4 1421 
(— 3-19) (+ 9°88) (+ 7-85) (— 4-79) (— 3-01) (— 5-96) (—-78) 
Totals dee cia 64 252 158 162 132 94 30 892 
Hair Colour 
Refraction Class Black vey rai aon pees et Slatey Red Totals 
Emmetropia ... -_ 21 115-5 143-5 175 90 il 4 5601 
(— 1-60) (— 1-90) (— 6-55) (+ 11-77) (+ 2-11) (+ -96) (— 4-79) 
Hypermetropia ae 9 15 16 13 1] 2 2 68 
(+ 6-26) (+ °74) (— 2-22) (~ 6-82) (+33) {+ +78) (+ -93) 
Hypermetropic Astig- 
matism ve ee 0 15-5 27-5 13 12 0 0 68 
(— 2-74) (+ 1:24) (+ 9-28) (— 6-82) (+ 1-33) (— 1-22) (— 1-07) 
Mixed Astigmatism ... 0 2 3 7 1 0 0 13 
(— ‘53) (— +73) (— -48) (+ 3-21) (— 1-04) (— +23) (— -20) 
Myopic Astigmatism 3 6 12 9 7 2 1 40 
(+ 1-39) (— 2-39) (+ 1-28) (— 2-66) (+°72) (+ 1-28) (+ 37) 
Myopia ies ee 3 33 37 43 19 1 7 1431 
(—2:77) ‘| (+3-02) (— 1:32) (+ 1:32) (— 3-44) (— 1-57) (+ 4:76) 
Totals ee oe 36 187 239 260 140 16 14 892 


1 894 cases were observed, but for one boy there was no eye colour, for another no hair colour recorded. 

Working these tables as mean square contingency tables we have: 

For Eye Colour and Refraction Class: $2 = -059,779, ¢? = -045,964 + -007,189. 
For Hair Colour and Refraction Class: ¢’2 = -065,733, ¢2 = 045,964 + -007,669. 

In neither case can we definitely assert that association probably exists. The mean square 
contingency coefficient would be -2375 in the first and -2483 in the second case. If we take 
dichotomies giving as nearly as possible equal eye and hair frequencies, and separate the normal 
refracting from the ametropic eyes, we have the following tetrachoric tables, which show at once 
that the correlations are negative, i.e. the less pigment, the more normal the eye is likely to be: 


Darker Eyes Lighter Eyes | Totals Darker Hair Lighter Hair Totals 
Emmetropia 298 263 561 280 280 560 
Ametropia 176 155 331 182 150 332 
Totals | 474 418 892 462 430 892 
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The tetrachoric correlation coefficients are: 
For Eye Colour, 7, = — -0008; for Hair Colour, 7, = — -0746. 


No stress can be laid on these values, other than as an indication that the association is very small, 
and that those boys with the darker pigmentation probably have the poorer eyes. In Tables CCCLVII 
and CCCLVIII we have placed in brackets under the cell frequencies the excess or defect from the 
independent frequencies. It will be seen at once that the grey and blue eyes have a deficiency of 
myopia and the blue an excess of hypermetropia, while the medium and light brown eyes have 
an excess of myopia and a deficiency of hypermetropia. The relationships are naturally less obvious 
in the hair colour table. The evidence of the eye colour table, if not very weighty, is in favour of 
the lighter eyes being a racial admixture and the myopia of the Jews being really a racial character. 
It is possible that in the extremely dark eyes at the other end of the scale we have also some 
evidence of a second racial admixture from a race with much better sight than the Jewish. 


(ii) Refraction Class and Cephalic Indices. 
(a) Refraction Class and Cephalic Index, I, = 100 B/L. Our data are provided in Table CCCLIX. 


Table CCCLIX. Refraction Class and Cephalic Index, I, = 100 B/L. 
Cephalic Index, 100 B/Z (Central Values) 


Refraction Class 69-95 | 71-95 | 73-95 | 75-95 | 77-95 | 79-95 | 81-95 | 83-95 | 85-95 | 87-95 | 89-95 | 91-95 | Totals 
Emmetropia _ 1 — 6 20 61 105 104 135 85 29 13 4 563 
Hypermetropia_... — — 2 — 5 ll 21 12 12 4 — 2 69 
Hypermetropic 

Astigmatism , 2 — — 3 6 10 7 20 12 7 1 1 69 
Mixed Astigmatism | 2 1 — 4 4 — 1 I 13 
Myopic Sa cael 4 10 9 11 1 3 2 — 40 
Myopia __... 3 2 — 1l 14 23 33 28 18 5 3 — 140 
Totals Boe wee 6 2 8 34 92 160 174 210 132 48 20 8 894 


The means of the arrays are as follows: 
Mean Cephalic Index, 


Refraction Class 100 B/L 
Emmetropia ais sae 82-4722 +1005 
Hypermetropia ... 82-7906 +-2870 
Hypermetropic Astigmatism 82-8486 -+--2870 
Mixed Astigmatism 84-4115 +-6612 
Myopic ee a 82-5500 +3770 
Myopia ass Se 81-6500 +-2015 
General Population! es 82-4287 +-0797 


1 Standard Deviation of Cephalic Index, 100 B/L, 3-5346. 


It is clear that only two deviations from the General Population’s Mean Index are significant, 
those for Mixed Astigmatism and for Myopia. The myopes are slightly more dolichocephalic, or 
better, rather less brachycephalic than the Jewish boys as a whole. The boys with Mixed Astig- 
matism are markedly more brachycephalic, but, notwithstanding the significance of their index 
divergence, the small numbers in this class render the result suspicious. Taking into account the 
absence of myopes among the light-eyed boys, it is somewhat surprising to find that the myopes 
are characterised by more dolichocephaly. The result is confirmed roughly by the method of 
percentages. Dividing the population at a cephalic index of 82-95 we find that the general popu- 
lation has 15-66 °%% of myopes; the moiety of the population on the dolichocephalic side of 82-95 
has 18-07 % and the moiety on the brachycephalic side has 12-92 % of myopes. The conclusion 
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must be that the light-eyed race of which we suspect an admixture was more likely to have been 
Slavonic than Nordic. 
The association of Refraction Class and Cephalic Index is of course slender. We have: 
0” or.ro = (014,223, Peorxe = 005,593 + -002,380, 

which give rise to a probably significant uncorrected correlation ratio: ’¢7, po = °1193. 

) Refraction Class and Cephalic Index, I, = 100 H/L. The data are given in Table CCCLX. 
The mean value of J, is 71-9187 and the standard deviation of this index is 3-1369. The array- 
means are provided below: 


Table CCCLX. Refraction Class and Cephalic Index, I, = 100 H/L. 
Cephalic Index, 100 H/Z (Central Values) 


Refraction Class 59-95 | 61-95 | 63-95 | 65-95 | 67-95 | 69-95 | 71-95 | 73-95 | 75-95 | 77-95 | 79-95 | 81-95 | 83-95 | Totals 
Emmetropia 2 1 3 15 65 130 159 106 48 34 — —_ _ 563 
Hypermetropia is — — — 3 — 9 18 23 4 12 - — — 69 
Hypermetropic Astigmatism — _ — 7 12 15 ll 14 5 4 1 — — 69 
Mixed Astigmatism —_ — — —_ 2 4 1 2 1 — — 13 
Myopic aie ane — _— — 1 4 13 9 6 1 2 2 — 2 40 
Myopia — I 5 4 17 36 33 19 21 4 — — —_ 140 
Totals 2 2 8 30 100 | 204 | 232 | 172 80 58 4 — 2 894 

Refraction Class Mean Cephalic Index, 100 H/Z 
Emmetropia see _ 71-8434 +-1833 
Hypermetropia . 72-0920 +:2547 
Hypermetropic Astigmatism 71-3703 +2547 
Mixed Astigmatism é 73-6423 +-5868 
Myopic aan cee ar 72-4500 + +3346 
Myopia a ae 72-4357 +-1788 
General Population oa 71-9187 +-0708 


Except in the case of Mixed Astigmatism and Myopia none of these values approaches significant 
differentiation. Considering the correlation ratio of Cephalic Index J, on Refraction Class we have: 
7 on.ro = °028,208, Porro = *005,593 + -002,380, 
which give a significant correlation ratio of 7’¢7, rc = *1680. But it is difficult to discover any 
real relation except in the very small class of Mixed Astigmatism. As this class is not differentiated 
in the case of the third cephalic index, 100 H/B, we are led to the suggestion—it cannot be called 
anything like a proof—that mixed astigmatism may be associated with heads disproportionately 
short as compared with their breadth or with their auricular height. The correlations of the orbital 
index of the skull with cephalic indices of the skull are small (under -10), but some index based 

on the depth of the orbit might give more significant results. 
(y) Refraction Class and Cephalic Index, I; = 100 H/B. Table CCCLXI contains our data. 


Table CCCLXI. Refraction Class and Cephalic Index, I, = 100 H/B. 
Cephalic Index, 100 H/B (Central Values) 


Refraction Class 75-95 | 77-95 | 79-95 | 81-95 | 83-95 | 85-95 | 87-95 | 89-95 | 91-95 | 93-95 | 95-95 | 97-95 | 99-95 | Totals 
Emmetropia 2 _ 18 45 74 153 | 119 83 39 16 5 6 5 565 
Hypermetropia . — 1 2 3 9 12 10 12 9 6 1 2 2 69 
Hypermetropic Astigmatism — 3 2 7 14 21 3 12 5 2 — — — 69 
Mixed Astigmatism — — 1 2 1 3 2 1 1 I — —_— 1 13 
Myopic seemesem. —_ — 1 5 3 9 6 9 2 2 — — 3 40 
Myopia _ —_ 6 12 19 24 24 27 16 9 — 2 3 142 
Totals 2 4 30 74 120 | 222 | 164 | 144 72 36 6 10 14 898 


Mean Cephalic Index, 100 H/B = 87-3219, with Standard Deviation 3-9273. 
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The array-means are as follows: 
Mean Cephalic Index, 
Refraction Class 100 H/B 


Emmetropia aie oa 87-1323 4-1122 
Hypermetropia .... 88-5877 +-3189 
Hypermetropic Astigmatism 86-0659 +--3189 
Mixed Astigmatism a 87-4885 +°7347 
Myopic a Sane ahs 88-1000 +-4188 
Myopia ise ae 87-8357 +-2223 
General Population aes 87-3219 +-0884 


The only arrays with probably some significant differentiation are those for Hypermetropia and 
for Hypermetropic Astigmatism, which, however, vary in opposite senses. We have: 


1 o1,n0 = °021,807, Porro = °005,567 + -002,368, 
showing that the correlation ratio ('o7, pc = 1477) is significant. 

It must be remarked that our treatment of the three cephalic indices is not wholly satisfactory, 
because we have been considering whether any refraction class is accompanied by a special shape 
of head, whereas the more reasonable inquiry is the reverse of this, namely to ascertain whether 
heads of special shape are endowed with differentiated sight. As the statistician well knows the 
two problems are not quite the same. Unfortunately we cannot place these refraction classes in 
any graduated order, and the only mode of approaching the problem seems to be the unsatisfactory 
method of percentages. 


Table CCCLXII. Percentages of each Refraction Class of the several Head Shapes. 


Cephalic Index Values 
I, =100 B/L I, =100 H/L I, =100 H/B 
=e General 
<80-95 ee >84-95 <70-95 Ne ie >72-95 <84-95 Saree > 98-95 || Population 
No. in Group...| 302 384 208 346 232 316 230 386 282 894-898 


Emmetropia 63-9 41-9 | 62-241-7 | 63-0 +2-3 || 62-441-8 | 68-542-1 | 59-5+41-8 || 60-442-1 | 70-541-7 | 54-641-9 |} 62-941-1 

Hypermetropia | 6-0+1-0 | 8640-9 | 8741-2 || 3541-0 | 7841-2 | 123+1-0 || 6541-2 | 5740-9 | 11-341-1 7-7 +0°6 

Hypermetropic 
Astigmatism? 7541-1 7641-0 | 11-541-3 |} 10-341-0 | 5241-2 | 8941-1 || 12-241-2 | 69+41-:0] 7-441-1 8-4 +0°6 


Myopic 5-1 40-9 5-7 +08 4:3 +1-0 5-6 40:8 4-341-0 5-4+0-8 4:841-0 4:5 +0-8 6-4 +09 5-2 4-0°5 
Astigmatism?! 
Myopia 17-5 4-1-4 | 15-9413 | 12-541-7 || 18-241-3 | 14-241-6 | 13-921-4 |} 16-141-6 | 12-441-3 | 20°341-5 |! 15-8 40-8 


1 The few cases (13) of Mixed Astigmatism were divided between the Hypermetropic and Myopic Astigmatisms. 


Taking the indices in turn we note: 

(z) Index J, = 100 B/L: the only possibly significant changes are (a,) an increased Hypermetropic 
Astigmatism with increased brachycephaly, (a,) a decreased Myopia prevalence with increased 
brachycephaly. The latter result is in agreement with the result obtained on p. 213, that the 
myopes were more dolichocephalic. 

(8) Index J, = 100 H/L: (6,) possibly but not definitely the heads nearer the mode have a 
greater percentage of Emmetropia, (6,) there is a significant rise in the Hypermetropia as the 
heads become more hypsicephalic, i.e. relatively higher-headed, (b,) there is possibly, but less 
certainly, a reduction of Myopia with hypsicephaly. 

(vy) Index J, = 100 H/B: (c,) almost certainly the modal heads for this index have more normal 
eyes than those with values lying in the outside ranges, (c,) there is possibly a significant increase 
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in Hypermetropia (with a decrease in Hypermetropic Astigmatism) as we pass from tapeino- 
cephalic to acrocephalic heads, (cs) the modal head for J; appears to have less frequency of 
Myopia than those either at the tapeinocephalic or acrocephalic ends of the scale. The evolutionary 
value of better vision associated with the modal head shape need scarcely be again emphasised. 
The means of the cephalic indices for the several Refraction Classes are given in the radiogram, 
Diagram 156, and in Diagram 157 we have given the percentages of each Refraction Class for the 
several head shapes. 


PERCENTAGES OF EACH REFRACTION GLASS 
FOR THE SEVERAL HEAD SHAPES 


REFRACTION CLASS & GEPHALIC INDICES ALTEN JEWISH BOY; 
ALIEN JEWISH BOYS 


a H, GENERAL 
1,= 100'%g POPULATION 


MVOPIC ASTIGMATISM | MYOPIC ASTIGMATISM | MYOPIC ASTIGMATISM] MYOPIG ASTIGMATISM 
. m x NI \ 
\\S 

S 


EMMETROPIA 


EMMETROPTA EMMETROPIA 


Perceriages 


7 


/ ‘orth 
” metry lh, P Yy, HYPERMETROPIA 
HYPE! Uy, : y, 4 , Lf 
HY PERMETROPIC SRmet q a HYPER METROPIC HYPERMETROPIC 
ASTIGMATISM ROP Leesan ASTIGMATISM ASTIGMATISM 
.g5} 80°95 10°95 84-95 
j £80-95 >B4-95) > 12-9512 84-95}, 35 9g [788-95 


Diagram 157. 


Diagram 156. 


The results reached cannot, having regard to the size of the probable errors, be taken as more 
than suggestions. But they do demand a larger inquiry in which a far more elaborate system of 
head measurements should be taken. All we can venture to say at present is that there appears 
to be some, if by no means an intense association between Refraction Class and shape of the 
head. 

(iii) Refraction Class and Interpupillary Index. We remind the reader that this index is a measure 
of the relative distance of the eyes apart, i.e. it equals 100 x Interpupillary Distance + maximum 
parietal Breadth. The data are provided in Table CCCLXIII, and the correlation ratio of Index 
on Refraction Class is determined by 


0” ERC = -019,746, WP ipt.RC = -005,669 + -002,411. 


This indicates a significant, if not very intense, correlation ratio 9’ p1.2z0 = *1405. 
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The array-means are as follows: 


Refraction Class Mean Interpupillary Index 
Emmetropia ee eee 39-8763 +-0631 
Hypermetropia os 38-7187 +--1829 
Hypermetropic Astigmatism 39-9254 +-1917 
Mixed Astigmatism a 39-7577 +°4153 
Myopic Astigmatism ine 39-9750 + -2368 
Myopia es sive wv 39-9210 4--1275 
General Population? “ 39-8015 +: 0504 


1 Standard Deviation 2-2202. 


The sole array which shows differentiation is that for the Hypermetropes, or we conclude that 
there is a tendency for Hypermetropes to have their eyes relatively close together. It is idle to 
publish a graph showing only a single significant deviation from the line of the population mean. 


Table CCCLXIII. Refraction Class and Interpupillary Index. 


Interpupillary Index (Central Values) 


1D ww 1D ren] 1d 1D aw’ ww 1D ww ww 1o ww Ww 1 ww 
Refraction Class ey Bes + v¥ vt x yz ¥ a v + t + + vt + | Totals 
cH 1D Oo Le foo] far} fan) a ON oO s w =) > wo lor) 
oo oo 9 od 8 8 | + + H at H | Ht x 
Emmetropia .. 2 15 | 27 | 55 | 103 | 96 | 107 | 65 | 48 | 28 5 4 6 —}|— 2 563 
Hypermetropia of 2 1 9 8 19 | 16 4 4 3 [ —~ | — I 67 
Hypermetropic Astig. 
matism aoe — —_ 2 5 14 | 13 10 8 5 2 2 61 
Mixed Astigmatism .. 4 4 2 38/—}]—]— 13 
Myopic Astigmatism —- je 4 4 6 5 8 5 4 3 1 oa 40 
Myopia ne - 2 2 6 | 22 24 | 22 19} 13 | 10; 11 | — 3 — 4 —}|— 138 
Totals i. ad 6 18 | 48 | 94 | 170 | 156 | 150 | 98 | 70 | 44 8 8 6 4 — 2 882 
Looked at the reverse way from the standpoint of percentages we find: 
Interpupillary Index Percentages 
Retraction Ck Small Medium Large General 
PIER CULOR 28s <38-95 38-95-40-95 >40-95 Population 
Emmetropia .. Say8 de 60-1 +18 66-3 41-9 65-8 42-1 63-8 +1-1 
Hypermetropia i 11-6 +1-0 6-6 +1:0 3-3 41:2 7:6 +0-6 
Hypermetropic Astigmatism! 6-8 +1-0 8-5+41:0 7-7 41-2 7:6 40-6 
Myopic Astigmatism! es 4-8 +08 5-2 +09 6-1+1-0 5:3 40-5 
Myopia ae é abs 16-7 +1-3 13-4414 17-1416 15-7 £08 
No. in Population ... ss 336 306 240 882 


1 Mixed Astigmatics, very few in number, were divided as before. 


There is very little of real significance in these percentage differences, beyond the reduction in 
Hypermetropia as the pupils get relatively farther apart. It is possible, but certainly not proven 
from this material, that the modal value of the interpupillary index corresponds to a maximum 
of emmetropic and a minimum of myopic eyes. 

(iv) Refraction Class and Index of Sunken Eye. The reader may be reminded that the larger the 
index the less sunk is the eye, i.e. a large index denotes protuberance of the eyeball. The data are 
given in Table CCCLXTV. We have: 

Mean Index: 89-6816, Standard Deviation of Index: 2-8192. 
2” sernc = °004,272, Psurro = °005,568 + -002,368. 
Thus we cannot affirm any significant association. 


EUGENICS III, Ir & IV 
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Table CCCLXIV. Refraction Class and Index of Sunken Hye. 
Index of Sunken Eye (Central Values) 


Refraction Clas | F | 13 )3/2)3/9/3)3/3 3/2 /2/3/3/3/9/2/3/3)3/2]/% 
oO o i=] =“ nN oD HH uw? S bd ir,0] lor) Q Lol N of st ple) i=] tee i.e) S o 
=) Re] S| oo) wo] oe] o/ Hol ol olwe|/SeIRlalS/AlLSA i aAlalalalalea 

Emmetropia ... 2 6 | 13 | 20 | 43 | 49 | 99 | 71 | 76 | 77 | 46 | 33 | 18 | 6 4 1 {|—! 1 (565 

Hypermetropia 2 2 1} 2} 3; 6)12/15/ 4; 11] 5) 2} 2}—:—j|1/]—j, 1 | 69 

Hypermetropic 

Astigmatism 2},—/|—|]— 4 1 38} 4} 8) 10] 7 6 | 13 3 1 7 69 

Mixed Astig- 

matism eee 3};—] 2] 2] 17 2] 1 2 13 

Myopic Astig- 

matism _ 2 -1 2; 8] 38] 5) 5] G6] BY] Sy 8 1; 2;$—|—|]—j|;—] 40 

Myopia... 4/9] 7| 4/ 8/16/16] 19; 24}14} 15] 4] 2|/—}/—]—]—| 142 

Totals | 2)]—] 4 ;—] 2 |} 16} 24 | 34 ) 60 } 74 | 144) 116) 112) 130] 74 | 54 |] 34] 10] 4 | 2 | — | 2 | 898 

REFRACTION GLASS & INDEX OF SUNKEN EVE 

The means of the arrays are as follows: oo 

ALIEN JEWISH _BOYS 
Refraction Class Mean Index of Sunken Eye 
Emmetropia we wee 89-7102 +-0800 
Hypermetropia =... we 89-4645 + -2289 
Hypermetropic Astigmatis 89-1457 +-2289 
Mixed Astigmatism wee 89-9885 +-5274 
Myopic Astigmatism we 89-8000 +-3007 
Myopia wee oe eee 89-8725 +-1596 
General Population we 89-6816 +-0635 


Of these array-means the Hypermetropic Astigmatic 
is possibly, but not definitely, significant. We should 
conclude from this result that the Hypermetropes have 
a more sunken eye than the Emmetropes. 

Lastly we may turn the inquiry round and use per- 
centages on three grades of ocular protuberance. 


Diagram 158. 


Index of Sunken Eye Percentages 


R Recedent? Equipoised Protuberant General Population 
anges mentees <88-95 88-95-90-95 >90-95 77-95-99-95 
Emmetropia see eee 64-441-7 64-5 42-2 60-0 +1-9 62-9 +1-1 
Hypermetropia tee we 7-8 +09 8-3 41-2 7-1+1-0 7:7 +06 
Hypermetropic Astigmatism? 9-6 +1-0 6-4 41-2 8541-1 8-4 +0-6 
Myopic Astigmatism 4-9 +0°8 5-5 +10 5-3 40-9 5-2 40-5 
Myopia wee a 13-3 +1-3 15-3 +16 19-0 +1-4 15-8 40-8 

No. in Population 360 228 310 898 


1 The three classes might possibly be called ‘‘catorthopic,” “‘orthopic” and “proorthopic,” and the index the “‘orthopic index.” 
2 The few Mixed Astigmatics (13 in all) are divided between the Hypermetropic and Myopic Astigmatisms. 


Here the only horizontal series which approaches significance is that for Myopia, the per- 
centages of which increase as the eye becomes more protuberant. We consider that protuberance 


of the eye is probably associated with short sight*. Diagram 158 marks the smallness of the 
Association. 


* Our observation seems to show that the Pekinese dogs with their protuberant eyes do not like fox-terriers see 
their masters at a distance, they trust to scent and sound. 
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On the whole we anticipated rather more relationship would have been discoverable between 
the shape of the head and Refraction Class. We have, however, to remember that the latter 
ocular character is really due to a complicated system of factors, and if any one of these were 
closely related to the shape of the head, its influence might be obscured by the others. 

(c) General Refraction. 


(ia and b) General Refraction and Eye and Hair Colours. Tables CCCLXV and CCCLXVI provide 
our data, the scales being as noted in earlier sections. 


Tables CCCLXV and CCCLXVI. General Refraction and Eye and Hair Colours. 


General Refraction in Dioptres (Central Values) 


asd > 19 i] wD > 1 Qo 1 2 Ww Q Ww [=] Ww Q 1d fon) is) te) WwW wn 

rl/S/AP Sie |SlaAlS ES Ee Sl ALS le Sl als) 5 ~ | 3a 
(a) Kye Classes | od | dS | HS] Hlaoalalalald|/ dg |/oliAl[aji wal alal oe] sds] os a 6 | 8 

+/+} a] +p} rit] edt ie ane Oh iar ate ee Se a |e 
Dark Brown 2 1 6 1/10] 387; 5] 2 64 
Medium Brown | — ; — |— |] —| 1 1 8 | 12 ; 49 1128) 21] 13 | 5 2 5 }—!} 6]—] 1 —_ — | 252 
Light Brown —|3}—|]—] 2 ]4] 5 | — | 35} 69] 20] 10} 7 | 2 1 158 
Hazel —|] 1]/—]4 3 |—]| 6 3 | 37 | 80] 18 4); 2);/—|;—|]—j—j 1 1 1 1 | 162 
Grey —}|—}|—|]—] 6 2 I 1 | 22 | 73) 8 4) 9 ] 2)/—}]1/—] 2 —_ — | 132 
Blue Grey —}|— —|4)3 ] 4 4 | 25] 43/ 6) 2] 2 —_ 94 
Pure Blue I I 1 I 41 8 9| 5 30 
Totals 1 4 4 4 | 17} 11 | 31 | 25 | 186] 439] 83 | 35 | 25 | 5 8 |—| 7 1 4 1 1 | 892 
(6) Hair Classes : 
Black —|—|]—;—]| 2 3 2 2 6] 15; 1 2/ 1 1 1 36 
V. Dark Brown | — 2 ] 8 9/46, 84| 20] 6] 4 1 3 }/—] 3 }]— 187 
Dark Brown —|1/)—] 3 6 | 6/9 3 | 55 | 112) 21} 10] 8 I 1;/—|3);—|— _ — | 239 
Medium Brown | — | — | — | 1 3] 2 8 5 | 45 | 146] 18 | 13] 7 3 38 }/—] 1 1 4 _ — | 260 
Light Brown! 1/3; 2)/—j]3/—} 3 4) 25 |} 59/19; 4]/ 3 | —}—}]—]—]—|]— _ — | 126 
Taghtest Brown sp) [ito eee ge pull el «cea eed aN a || ey oe =e Sei Gad 
Slatey Sl a sre [ie ee SP an PG eee eal es sce oe Pate se aE a =} 16 
Red —|—]-}]om yey ed 1 3 4, 4;—]—] 2/)/—]—J]~—}]—]— —_— — 14 
Totals I 4 4 4 | 17] 11 | 31 | 25 | 186] 438) 83 | 35 | 24 | 7 8 |—| 7 1 cs 1 1 | 892 

1 Nos. 8, 9, 10 of Fischer’s Scale. 2 Nos. 11, 13, 14 of Fischer’s Scale. 
The constants of these tables are as follows: Eye Colour Table Hair Colour Table 
General Refraction, Mean: ‘1110 D., -1068 D. 
3 Standard Deviation: 1-5759 D., 1-5808 D. 
Correlation Ratio: 
2° ar.ue = °027,880, 7? era = °017,570, 


Ter.Ec = -006,726 + “002,609, Tere = :006,726 a -002,609. 
Thus in the case of both Eye and Hair Colour there is a small but definite association with 
General Refraction, the former being somewhat larger as we might anticipate. We have: 


1 er.uc = *1670, 1 ornc = *1326. 
Jn order to ascertain more clearly the nature of this association we give the array-means: 


Eye Class . Mean Refraction Hair Class Mean Refraction 
Dark Brown aes +-4570 D. +-1329 Black ts ses —-]667 D. +-1777 
Medium Brown ... —:1190 D. +-0670 Very Dark Brown +0922 D. +-0780 
Light Brown sas +-1234 D. +:0846 Dark Brown Ge +-2291 D. +-0690 
Hazel ses its +-0972 D. +:-0835 Medium Brown ... —-:1010 D. +-0661 
Grey aes aa —-0966 D. +-0925 Light Brown ot +4554 D. +--0901 
Blue Grey Ste +:5426 D. -+-1096 Slatey ont aae —:1875 D. +-2666 
Pure Blue or +-8750 D. +:1941 Red wae eg —+3750 D. +:2850 
General Population +--1110 D, +-0356 i General Population +1068 D. +::0357 


28-2 
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The not very close relation between Eye and Hair Colours (see Vol. 1, p. 23) is again evidenced 
by the slight accordance of greater and lesser pigmentations in the two groups with corresponding 
values of General Refraction. Turning first to Eye Colour we note that possibly the very dark 
brown eyes and almost certainly the very light (blue greys and pure blues) eyes give differentiated 
refraction. All indeed are differentiated towards Hypermetropia, thus confirming the results of 
our Refraction Class survey where we found in the extreme eye colour classes a redundancy of 
Hypermetropia and a deficiency of Myopia. This again points to the very dark and the very light- 
eyed Jews being the product of a racial intermixture. The Hair Colour arrays show very little 
definite association with General Refraction. The black hair, the red hair and the slatey, which 
might be supposed to be associated with the 


darkest and lightest eyes respectively, now show GENERAL REFRACTION & EYE COLOUR 
myopic or negative refraction, but in all cases ALIEN JEWISH BOYS 


of such small amount that with the observed 
numbers the negative refraction is not signifi- 
cant. The fact that we have 124 blue grey and —-3.9 
pure blue eyes, but only 30 slatey and red- 
haired persons (see Tables on p. 219), indicates 
that the bulk of the light-eyed must be found 
in the light brown hair group, and this is con- 
firmed by the significant differentiation in the 
positive sense of the refraction of this group. 
In the same way the very dark brown eyed class 
has been split up; the black-haired moiety of it 
tends to myopia but the other moiety must be 3-0 
sought in the dark brown hair groups, which 
exhibit a tendency to hypermetropia. We be- aa rw nae See ae 
lieve that something useful might be deduced Eye Colour 
from much larger statistics of ocular characters Diagram 159. 
in association with pigment characters. Our data 
only suffice to indicate that there are interesting relations only too effectively and tantalisingly 
screened by an over thick veil of probable errors. Diagram 159 provides the eye colour results. 
(ii) General Refraction and the Cephalic Indices. 
(a) General Refraction and the Cephalic Index, I, = 100 B/E. Our data are presented in 
Table CCCLXVII. 
The constants of this table are as follows: 
Mean: Refraction -1065 D., Standard Deviation: Refraction 1-5798 D. 
» Cephalic Index, /, 82-4287, i 3 Cephalic Index, J, 3-5346. 
Product Moment Correlation Coefficient: 7 = -0311 +. -0225, 
Correlation Ratio of Refraction on Cephalic Index is given by: 
nant, = °015,526, Pons, = °012,304 + -003,516. 
We cannot therefore assert on our data that General Refraction is in the least associated with 
Retzius’ Cephalic Index, i.e. 100 B/L*. 


* The array-mean for the 16 dolichocephalic heads 68-95~74-95 (mean 72-20) deviates most from the population mean. 
It is -6562 D. + -5960, but this does not differ sensibly from -1065 D. -- -0797, the population mean. [t seems unnecessary 
to give either graph or full array-means. 


LIGHT BLUE 
GREY. GREY pune uve | BLUE 


Refraction in. Diogtres 
S 
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Table CCCLXVII. General Refraction and Cephalic Index, I, = 100 B/L. 


General Refraction in Dioptres (Central Values) 


Cephaice | BE} S/R (SIR lS/S/SlLR/ Sl Sl Sls Pl Ss als) se n alee 
Index, J © © wy =H lor) oO ON Ll Oo Oo Oo a N oD 2 a 1D <o a Eo) S 
ee a Lk Pa a lege ek pt fe ; |S 

69:95 | — - ] ma (ees 1] 2] 1 - os a 6 
71-95 2 1] J pif Sal has 2 
73:95 |—|—|—/|—|1]/1]—|—j; 4] 2 - 8 

8 | 75-95 - 1) 1] 6) i9} 4}/—] 2}—] 1 34 
=| 7795 |}—|]—|]1/—|3}/—|] 1] 1] 24] 48) 8} 2); 2/—}] 2 92 
>| 7995 |—|—|2]/2/2)3 |] 4] 4 | 34] 7/13; 8} 3) 3}—|]—}]3]—] 2 1 1 | 160 
g| 3195 |} 1}/—;/i]1 7,3] 3] 71] 4 | 27] 86; 22] 10] 3 Lr iiltecs |e 1 — — | 174 
&] 8395 |}—|—|—|]1]5]4]65|9 Jab/Mo}i | 9f ia} a}]r}—y—yrd i — — | 210 
E | 85-95 4 2 fe BEG DEP ae) BA Be 132 
~ | 87-95 6 | 1 | 10] 22; 6] 1 1] 48 
89-95 1/ 3/ 11] 3 2 i. am 20 
91-95 6| 2 ss = 8 
Totals |} 1 | 4 | 4 {| 4 | 17/11 | 31 | 25 | 186/441] 82/34) 25/ 7; 8/—/ 7; 1] 47..]) 1]... ] 1 | 894 


(B) General Refraction and the Cephalic Index, I, = 100 H/L. Table CCCLXVIII provides our 
data and the several constants of the table are given below. 


Table CCCLXVIII. General Refraction and the Cephalic Index, I,=100 H/L. 


Gencral Refraction in Dioptres (Central Values) 


Fal (ite a|/se east ee ae eIBl/alS &IBlalsie is ae 
es aa al ema eae se boca oe gece atl og a By a | 8 
a) coe elie oh ce SET AD ii lep ep Mien pit 4 |e 

59-95 —;—]|— 2 — 2 
6195 | — ae TM eee eee be ee eon i DPE Pee [eee = a ae 
63-95 —j-—-jJ-—|— 5] 3 — —_ 8 
C606 ee ee ea LS) a ae oe BOP Bel. a = = —| 30 

g| 6795 | 1]/—]} 2/2] 2]—] 4] 2] 18] 50) 9] 3] 2}—-}—|—|/ 3] 1) 1 - — | 100 
SN OOO: ee see) 2d CE hae ec eel (og Mey Beds! | 10) Ae] a |S, — — | 204 
>} 795 |—|—|2]/1/5)4] 4] 6] 43 }125/ 19] 6] 6) 2]}/6}/—]1]—]— I 1 | 282 
g| 7395 |—|2])/—|—|] 3] 1/12] 9] 41) 7/16] 5) 2) 2}/—-|—|2}]—|- se — | 172 
8) 75-95 | — = 2 Pe!) BON BO) reel el ede BT aes has eee | ee = —| 80 
&| 7795 |—|2;/—|/—; 1) 1] 1] 2] 23] 22) 4] 2 = a —| 58 
79-95 —}|—}|—|]—;—-;/—|]—]| 1 ] 2 a aa - 4 
81-95 —|/--|- — — — |— - —|— 
83-95 = 3] e 1 = =| 48 
Totals | 1 | 4 | 4 | 4 [17] 11] 31 | 25 [186/441] 82] 34] 25/7] 8]/—/] 7/1] 4 ]..] 1]..4 1 | 894 
Mean: Refraction ‘1065 D., Standard Deviation: Refraction 1-5798 D. 
» Cephalic Index, /, 71-9187, % 56 Cephalic Index, J, 3-1990. 


Product Moment Correlation Coefficient: r = -0036 + -0226. 
Correlation Ratio, Refraction on Cephalic Index, /,: 
7” ans, = °042,685, Pons, = 012,304 + -003,516. 


Thus, while the correlation coefficient is far less than its probable error, the correlation ratio 
appears to have significance. Examining the graph (Diagram 160) and the array-means it would 
seem that only two arrays approach significance, that for the index J, = 65-95 is definitely 
significant, while that for /, = 78-26 may possibly be so. 
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Grade of Cephalic 
Index, J, 


62-95 
65-95 
67-95 
69-95 
71-95 
73-95 
75-95 
78-26 
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Mean General Refraction 


—+1250 D. +:3076 
+1500 D. +-1066 
—-0588 D. +-0746 
+3314 D. +-0812 
—-1312 D. +:1191 


+4219 D. +-1332 


General Population: 


+-1065 D. +-0356 


Refraction. iz Diogtres 


It is difficult to see any reason for a drop in 


the refraction at a special isolated value of the 
cephalic index, and we are inclined to believe 


that it is one of the fortuitous drops, which 
must always occur occasionally, from the mere 


action of random sampling, when large numbers 


of mean values are computed. 


GENERAL, REFRACTION & CEPHALIG INDEX 100'%, 
ALIEN _ JEWISH BOYS 


65-0 


70-0 
Cepkalic Index 100%, 


Diagram 160. 


0 


80-0 


(vy) General Refraction and Cephalic Index, I, = 100 H/B. Our data are given in Table CCCLXIX. 


Table CCCLXIX. General Refraction and Cephalic Index, I, = 100 H/B. 


General Refraction in Dioptres (Central Values) 


Cephalic F/S/SA/SlIESS/SiSlEl/S /E/SlsS/Sjel/s\aj;s le iS =| 3 
Index, J ie] Ve) uw H for) for) AN Ll Oo Oo So ™ N oD or] H uw oO =) a ac) s 
Ash ae) tp te] te] te] te] ae] t Ci a Wat altel eh al a Hee aa She ie 

7595 |—|—}|—{|—|—!—|—l—|]—]| 2/—|—|—|]—|-j—|—]-|- ae = . 
TEO5 hrs ae |e ee P| tae Pesala pe Mt ae pe Se, ae = al, of 
i) aa (eee eam mown) rien bee ear Ver ae ne ims Ss ee ee Ee ei eee es a a —| 30 

x | 895 | —|—]|—}—|—]| 2] 3] 1,16] 37;1}/—| 2}—]; 2)—}—];-—]— os al 9d 
=| 8395 |1/—/|1/3]21—|]6 2/17] 6/ 7]5|/5;/—}|—|/—]|1]/—/]1 = — | 120 
| 8595 |—|2]1)—| 4] 4] 9 | 5 )37]/129)13] 7/6} 1])1}/—]) 3}—|— — | 222 
~ | s795 | —|/—|—]| 1] 2/2] 2 {6 | 26] 98/13) 8}]21]/3]/1/—|—|]—] 2 = — | 164 
&| 8995 |—] 2] 2]/—]4]1] 6) 4136) 52)20) 4) 5) 1) 2)—| 3)]—|— 1 1 | 144 
| 91-95 = 2 2} 4 17] 29} 7| 4|3]2 | 2 72 
| 0806 a bee ee eS Poe ea) | | saa 36 
95-95 4| 2 6 
D7Bb jee |e] eee | SR ee eh ae) 2 pe | a 10 
99:95 = 2) 8) 1/1] 1 1 = pow | od 
Totals | 1 | 4 | 4 | 4 | 17] 11] 31 | 25 | 188/441] 88 | 35) 25] 7] 8|—] 7/1) 4 1 1 | 898 
Mean: General Refraction -1052.D., Standard Deviation: General Refraction 1-5776 D. 


99 


Cephalic Index, /; 87-3219, 
Product Moment Correlation Coefficient: r = — -0468 + -0225. 
Correlation Ratio, General Refraction on Cephalic Index, J;: 

0 @r.t, = ‘018,510, 


Thus having regard to the probable error of 7, it is seen that there is no significant correlation 
ratio. Also the correlation coefficient is without significance. The regression of General Refraction 


29 


99 


Cephalic Index, J, 3-9273. 


Por. = 013,363 + -003,654. 


Refraction iz Diortres 
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on the Cephalic Index 100 H/B is shown in Diagram 161, as it provides an excellent illustration 
of a zero relationship. Not a single array-mean differs significantly from the population mean, 
and the whole series of means shows no continuous tendency. 


GENERAL REFRACTION & GEPHALIC INDEX 100% 
ALIEN JEWISH BOYS 


Cepkalic Index 100%, 
Diagram 161. 


GENERAL REFRACTION & INTERPUPILLARY INDEX 
ALIEN JEWISH BOVS 


- -@-.— -@.. se-. et O= 20. 


| 
its 


Refraction in Diogtres 


Ieiergupillary Index 
Diagram 162. 


(iti) General Refraction and Interpupillary Index. We give the data in Table CCCLXX. 
Table CCCLXX. General Refraction and Interpupillary Index. 


General Refraction in Dioptres (Central Values) 


Intr- EF (/SI|RISILISl/Sl/VSIlEISlFIBSl lal ;Ssle&lseyssssie ic ce | 4 
pupillary; © |S) oS |e lala l/aAlAl/s|/S [Sl AlaAlaAl oa | al oelso]o a » | 8 
Index | +] +} 4+) 4+) 4+) +14] +4 4+ | | | | | | | | = 71a 
3445 | —| —; —|—]—}—~—]—]—] 2] 2}/—| 2;—;—}/—}—]—-J]-J—- _ —| 6 
3545 | —}|—}—}—]—)}—]—]—)! 9) 77/—-J]—] 1} 1+} —;—-];—-]—-]—- _ —| 18 
36-45 | —|—}/—|—j)]1|)—]|4]4)10/19} 3) 3] 1)3/—}—|]—|]—]J— — —| 48 
37-45 | —|—]—|—|]—}—] 3 | 2/26) 35/17/ 4} 3) 2/2)/—};—};—]— — —| 94 
38-45 |— | 2]/—|]—|]2)]4]2]|7148) 84,14) 3) 211/2;/—]2]1] 1 _ — | 170 
8| 3945 | 1 }—| 1] 1] 142) 9) 6/35/73) 15) 4] 4]/—;2!/—}]2]—]|]— — — | 156 
| 4045 |—| 2]—]1 | 3]}—!| 5 j}—/20);93) 13} 5} 4)—) 2}/—]}1}—)1 — — | 150 
>|] 4145 | — 2 2 4/4/)15/54! 5/6] 4 - I 1 | 98 
3| 4245 |—|]—]—|]—}]3)4)/—] 1} 9}]42] 3) 4}]—;—/—]—); 2]—]| 2 — —| 70 
B) 43-45 1 1 7/23; 7! 14) 4 44 
& | 44-45 2 2] 4 8 
45-45 2; 3) 1] 141 8 
46-45 4] 2 6 
47-45 2/2 4 
48-45 
49-45 2 2 
Totals | 1 | 4 | 4 | 2 | 15] 10 | 27 | 24 | 186/441] 80 | 35} 24) 7 | 8 )/—} 7] 1] 4)..) 14]..) 7 | 882 


The constants of this table are as follows: 
General Refraction -0765 D., Standard Deviation: General Refraction 1-5482 D. 


Mean: 


99 


Interpupillary Index 39-8015, 


5 s Interpupillary Index 2-2202. 


Product Moment Correlation Coefficient: r = — -0125 + -0227. 
Correlation Ratio, General Refraction on Interpupillary Index: 


n 2 npr = ‘014,264, 


Perit = 015,873 + -004,013. 


Thus neither correlation coefficient nor ratio has any significance. Diagram 162 shows the 
regression of General Refraction on this Index. Not a single array-mean is significantly 
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different from the General Population mean. We conclude that the relative distance of the eyes 
apart is not a factor influencing General Refraction. 

(iv) General Refraction and Index of Sunken Eye. The data are provided in Table CCCLXXI, 
and the calculated constants are given immediately below the table. 


Table CCCLXXI. General Refraction and Index of Sunken Eye. 


General Refraction in Dioptres (Central Values) 


Indexof} iP |]S/SISILISIR Si LPISILISlIalSsikex& l|Blaysle ie | 2 
Sunken |S} S/H /H+lalaialaA lel Séloelalalajalalajls|s a | $s 
Eye +/+] et] ttt] +] ryt] + I | | ! | | | | | 7 | | a 
78-45 i : a tee cle 2 
79-45 “ a eee i 
80-45 1|1 2 as 2: cles} 4 
81-45 mi _ . 
82-45 : ee Leb eo 2 
83-45 2 2/il] 3] 4) a14f/12}/—/1/)1 eh Leh 16 
84-45 1; 1) 6; 9| 5 2 24 
85-45 | 1 1 1| slis}] 6/1] 1 34 
2 | 86-45 3/3 )18;32/ 1/2] 1 60 
5 87-45 |} —}—]—]~—] 1]3]5 ]—]16) 36) 6] 2] 4 1 == —| 74 
S| 845 |—|/—}2;:—]2/1]515  |40]68)11) 7/1 2 144 
| B05. Pee) eel ee | Se oer ae OR Lees Sr wie: | Bypla 1 116 
Bl 90-45 1 1 3/1119! 63)/12!/ 3) 4!1]2!—/1]1 112 
S| or4a5 |—}|—}]—?}2]5 {3 ]2]1 |20!/68]/19) 2] 31 3 2 130 
S| 92-45 2/3 112/42) 8/2 | 3 2 74 
93-45 1 1! 9/26] 7] 6] 2 2 54 
94-45 | —| 1 ]}/—!2!21]1]—]2{ 7)13) 1134] 2 34 
95-45 | — ee eee eee sg 1 3 = —! 10 
O66 ieee el ee a ote oO eee i ed | es Ea -_ Sa 
O74 yo s| sae es) ef Se ee |e ee ee eee fe ane he 2 
OSA tee eet |e ellie Ek MU ce eee a ta = eae 
O94 Be saat (ioe ee et | ee te | ee | ae re ae = af 28 
Totals | 11} 414] 4 |17/ 11 | 31] 25 /188}441] 88135 ]/25}/ 7/8 }—)}7!11]4!]..]14]..1 1 | 898 
Mean: General Refraction 1052 D. GENERAL REFRACTION & INDEX OF SUNKEN EYE 
» Index of Sunken Eye 89-6816. ALIEN JEWISH BOYS 
Standard Deviation: 
General Refraction 1-5776 D. 
Index of Sunken Eye 2-8192. 
Product Moment Correlation Coefficient: 2 
- 
r= — -0484 + -0225. . 
Correlation Ratio, General Refraction on © 
bo 
Index of Sunken Eye: a 
eo 
7? ar.sur = '078,654, ag 
Aa 
WP on.SEr = -020,045 + 004,459. ot 
fe 


Thus it would appear that the correlation 
coefficient is practically of no significance, but 
that the correlation ratio is significant, con- 
sidering the value of 4?. Accordingly there 


appears to be a skew regression corresponding 80-0 85-0 90-0 950 
to an 9’ Gr.sKnr = °2805. Index: of Surker Eve 
The array-means do not individually show Phagrant 109) 


marked deviation from the population value, but form as such things go a fairly orderly sequence, 
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and would seem to indicate that when the eye is either very recedent or very protuberant the 
General Refraction is negative or the eye myopic. 


Grade of Index 
of Sunken Eye 


Array-Means 


Mean General Refraction 


82-45 —-4063 D. +:2172 
85-04 +-1552 D. +-1392 
86-45 +°3125 D. +1374 
87-45 +:1723 D. +°1237 
88-45 +:2656 D. +-0887 
89-45 +3491 D. +:0988 
90-45 —-1138 D. +:1005 
91-45 +:1096 D. +-0933 
92-45 —:0709 D. +1237 
93-45 —-2639 D. +1448 
95-10 +0577 D, +1476 
General Population: +1052 D. +-0355 


Diagram 163 exhibits these results graduated with a cubic: 
GR = -11953 — -04294 (J — 90-45) — -004,744 (I — 90-45)? + -000,2622 (I — 90-45)*. 


There is clearly no marked association, but the topic might well be considered afresh with more 


ample data. 


On the whole we must admit that General Refraction is singularly little influenced by the 
characters we have selected as head measurements. 


(d) General Astigmatism with Pigmentation and Cephalic Characters. 
(ia and b) General Astigmatism and Kye and Hair Colours. 


Tables CCCLX XII and CCCLX XIII. General Astigmatism and Eye and Hair Colours. 


Eye Colours Hair Colours 
General a cS 2 ol Be! lhe ps > | a «| oe oa q ms ~ 2 
Astigmatism | 8 : 5 : aE § 2 | Se gS $ 3 A : 3 : 3 3 BE E 3 5 
in Dioptres |P A) 8H | AG) H |) > | RO AAR) € Sa | Fe | Se [Aa | & a 
41-50 ee ee 3 3 i) — | — 2 1;/—|—|— 3 
+-0°75 7 13 | 10 | I P: 8 3 54 2 | 175| 95) 4] | — | — 54 
8 0-00 49 | 203 | 115 | 115 | 97 | 57 | 20 | 656 |) 29 | 133-5] 166-5) 197 | 106 | 13 | 12 | 657 
= —0-75 6 22 | 19 | 21 | 18 | 14 3 | 108 3 | 25 | 36 27 9 1 1 | 102 
> —1-50 = 9 3 6 5 DF? lide 25 1 6 8 6 3 ae 25 
r 2-25 2 2 6 9 4 7 1 31 1 3 |] 1 12 2 1 1 31 
8 ~-3-00 2 Ge il|| eS i | eae ee 4 2 |e | 7 
8 3°75 = See | 4 1 1 9 || — 2 2 1 4| —] — 9 
© —4-50 — |= rf —~{— f — 2 3 g3/ —] — 3 
5-25 Sh ace 1 1 125) Ill eS 1 
Totals 64 | 252 | 158 | 162 | 132 | 94 30 | 892 | 36 | 187 | 239 | 260 | 140 | 16 | 14 | 892 
General Astigmatism, Mean: Eye Colour — -2388 D., Hair Colour — -2379 D. 
#3 Standard Deviation: ‘3 -7438 D., 93 -7436 D. 
Correlation Ratio, Astigmatism on Pigmentation: 
7 4.BC = ‘027,078, Pasue = 006,726 + -002,609, 
7 6 4.HE = +008,108, Poasnuc = '006,726 + -002,609. 


The former is definitely significant and gives 9,4 = °1646; the latter gives 7’q4.17¢ = °0900, 
but is not significant. 


EUGENICS III, U1 & Iv 
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Light will be thrown on this matter by considering the array-means. 


Eye Colour Hair Colour 
Grade Mean General Astigmatism Grade Mean General Astigmatism 
Dark Brown see —-0586 D. -+-0627 Black wes see —-1250 D. +£:0836 
Medium Brown ... —-1429 D. +-0316 V. Dark Brown ... —-1544 D. +-0367 
Light Brown wee —+1899 D. +-0399 Dark Brown ves —+3060 D. +-0324 
Hazel wee we —-2269 D. +:0394 Medium Brown ... —:2077 D. +-0311 
Grey wee sa —:3750 D, +:0437 Light Brown wa —+3161 D. +-0424 
Blue Grey we —4468 D. +-0517 Slatey ... we —-2812 D. +:1254 
Pure Blue see —-5000 D. +-0916 Red see wee —-2143 D. +-1340 
General Population —+2388 D. +:0168 General Population —-2379 D. +-0168 


These two series are most interesting from the standpoint of practical statistics. The probable 
errors are much of the same order except in the case of the small hair groups “Slatey” and “Red” ; 
there are certainly more means which approach significance in the eye than the hair series, but 
had the eye series been in a different order of position, we might find it difficult to assert definite 
significance for any individual mean. As it is their positional order gives a continuous sequence, 
the General Astigmatism decreases continuously as we pass upwards from the pure blue to the 
dark brown eyes, and we feel quite confident in asserting that with the less pigment there is 
the more astigmatism. Representing eye colour on a normal scale we have the accompanying 


GENERAL ASTIGMATISM & EYE GOLOUR 
ALIEN_JEWISH BOYS 


~20 


= Sal 


Astiginatisin in, Diogtres 


10 


2-0 1-0 0-0 “10 ~2-0 

Eye Golour 

Diagram 164. 
Diagram 164, where the Astigmatism has been graduated by a cubic. If as we have suggested 
earlier (pp. 213 and 220) the lighter eyed correspond to a blood-mixture, then the astigmatism is 
due to the lighter eyed. To counterbalance this we must remember that it is the darker eyed who 
are the more myopic. Between the lines we do see the same effect in the Hair Colour means, those 
for the two darkest hair groups having the least astigmatism. It is, however, impossible to arrange 
the hair groups on a normal scale as the amount of melanine pigment in “slatey” hair has not 
been tested and red hair may contain much of it, or in certain cases none at all. However, we think, 
the important point is demonstrated, namely that General Astigmatism is not independent of 
ocular pigmentation. It is not yet settled, however, whether it is generally true that the lighter 
haired are more astigmatic, or whether in the case of the Jews it is due to admixture with a light- 
haired race, having a differently constituted eye. 
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(ii) General Astigmatism and the Cephalic Indices. 
(a) General Astigmatism and the Cephalic Index, I, = 100 B/L. Table CCCLX XIV contains 


our data. 
Table CCCLX XIV. General Astigmatism and Cephalic Index, I, = 100 B/L. 
Cephalic Index, 100 B/E (Central Values) 
General 
Astigmatism 69-95 | 71-95 | 73-95 | 75-95 | 77-95 | 79-95 | 81-95 | 83-95 | 85°95 | 87-95 | 89-95 | 91-95 | Totals 
in Dioptres 
+1-50 I — — 2 — — = 3 
+0-75 2 —_— _ 5 4 13 8 15 2 5 _ — 54 
8 0-00 2 I 6 23 68 113 137 150 104 34 15 6 659 
5 —0:75 —_ I 2 4 Il 19 22 19 17 3 3 1 102 
a —1-50 2 1 5 2 10 3 —_— 1 1 25 
3 —2-25 1 - 4 5 1 ll 2 6 1 — 31 
£ —3-00 - 4 3 7 
& —3°75 1 1 2 5 9 
—4-50 2 —_ I — — — 3 
—5-25 I — — —_ I 
Totals 6 2 8 34 92 160 174 210 132 48 20 8 894. 


The constants of this table are: 


General Astigmatism: 


Cephalic Index, J: >» 


0 aad, = :009,013, 


Mean — -2374 D., Standard Deviation -7428 D. 


82-4287, i i 3:°5346. 
Product Moment Correlation Coefficient: r = — -0021 + -0226. 


Correlation Ratio, General Astigmatism on Index: 


Pear, = 012,304 + -003,516. 


Hence neither measure of association shows significance. This is confirmed by an examination 
of the array-means, which are plotted as a graph in Diagram 165, and indicate what an effective 
test the 7’, 7% criterion really is. 


Grade of Cephalic 
Index, 100 B/L 
72-20 
75-95 
77-95 
79-95 
81-95 
83-95 
85-95 
87-95 
90-52 


Mean General Astigmatism 


—-4219 D. +-1253 
—-0662 D. +-0859 
—-3016 D. +-0522 
—2156 D. +-0396 
—-1853 D, +-0380 
—-2929 D. +-0346 
—-2045 D. +-0436 
—2500 D. +-0723 


~—+2946 D. +-0947 


General Population: 


—-2374 D. +-0168 


GENERAL ASTIGMATISM & GEPHALIC INDEX 100% 
ALIEN JEWISH BOYS 


' 
Sr 
° 


Astigmatism ie Diopires 
i—] 
) 


heal 
10-0 15-0 80-0 85-0 90-0 
Gerkalic Iedex 100% 
Diagram 165. 


None of these means is significantly different from the population mean, and the graph 
indicates that the means do not form any continuous series. 
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(8) General Astigmatism and the Cephalic Index, I, = 100 H/Z. Our observations are given in 
Table CCCLXXV. 
Table CCCLXXV. General Astigmatism and the Cephalic Index, I, = 100 H/L. 
Cephalic Index, 100 H/Z (Central Values) 


General 
Astigmatism] 59-95 | 61-95 | 63-95 | 65-95 | 67-95 | 69-95 | 71-95 | 73-95 | 75-95 | 77-95 | 79-95 | 81-95 | 83-95 | Totals 
in Dioptres 

+1-50 _— 3 — —_ — — — 3 
- +0-75 — — 3 2 5 9 17 10 4 2 2 — — 54 
g 0-00 2 2 3 18 62 149 182 128 66 47 —_ — — 659 
3 —0°75 — — 2 4 16 33 18 20 6 2 1 — — 102 
> —1-50 —_ — os 2 5 8 3 3 1 1 1 — 1 25 
3 —2-25 — — — I 8 5 8 6 ] 1 — — 1 31 
= —3:00 —_ — — 2 1 — 3 see — 1 7 
& —3°75 — — — 1 1 — 1 2 2 2 9 
—4-50 — — — — 2 1 3 
—5:-25 1 i 
Totals 2 2 8 30 100 204 232 172 80 58 4 — 2 894. 


The constants of this table are as follows: 
General Astigmatism: Mean — :2374 D., Standard Deviation -7428 D. 
Cephalic Index, J,: » 71-9187, - a 3°1990. 
Product Moment Correlation Coefficient: 7 = + -0336 + -0226. 
Correlation Ratio, General Astigmatism on Index: 
n”q4.1, = (042,942,  Pg4.r, = 012,304 + -003,516. 
Clearly 7 is non-significant, but the correlation ratio is significant, and of value ’q4.1, = 2072. 


The array-means are as follows and they represent a fairly orderly sequence, the first depending 
upon too few cases to be of any value: 


Grade of Cephalic GENERAL ASTIGMATISM & CEPHALIG INDEX 190%, 
Index, 100 A/L Mean General Astigmatism ALIEN JEWISH BOYS 
62-95 +:0625 +--1446 
65-95 —-5500 +0915 
67-95 —-4950 +-0501 
69-95 —+2022 +.:0351 
71-95 —+1552 +-0329 
73-95 —+1657 +-0382 
75-95 —-1594 +0560 
78-26 —-4453 +0626 
General Population: — +2374 +-0168 


The first array is not significant, as we might 
expect with only 12 cases in the array. The 
arrays at 65-95 and 67-95, and probably those 
at 71-95, 75-95 and 78-26, are significant. 
Diagram 166 shows that the series present an 
orderly sequence with the minimum amount 
of astigmatism at the modal value of the index. 
We have graduated with a cubic. Without 
overstressing such a result, which has had its forerunners in this investigation, we can understand 
when good vision was essential to man’s survival, how the relation of the height to length of the 
skull might in long ages be selected by such a factor as astigmatism in vision. In evolution it is 


Astifmatism sv Diogires 


60-0 65-0 100 BO 80-0 
Cegkalic Iedex 100%, 


Diagram 166. 


not needful 
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to demonstrate that a given character has in itself selective value, it is adequate if it 


can be shown to be correlated with a character which undoubtedly has selective value. 


(vy) General Astigmatism and the Cephalic Index, I, = 100 H/B. Our data are provided in 
Table CCCLX XVI. 


Table CCCLX XVI. General Astigmatism and the Cephalic Index, I, = 100 H/B. 


Cephalic Index, 100 H/B (Central Values) 


General 
Astigmatism | 75-95 | 77:95 | 79:95 | 81-95 | 83-95 | 85-95 | 87-95 | 89-95 | 91-95 | 93-95 | 95-95 | 97-95 | 99-95 | Totals 
in Dioptres 
+1-50 2 1 — — — 3 
+0°75 2 — 2 — 5 13 4 14 7 5 1 — 1 54 
3 0-00 — 1 20 54 93 158 131 101 56 27 5 9 7 662 
5 —0°75 — 1 4 12 9 33 21 14 6 — — 1 2 103 
> —1-50 — 2 — 2 4 8 3 4 1 1 25 
3 —2-25 — — 4 4 6 6 5 3 — 1 _ — 2 31 
= —3-00 — — — 2 — 1 — 1 2 — — 1 7 
& —3°75 1 1 — 5 — 2 — — 9 
—4:50 _— 2 — —_— 1 — —_— 3 
—5-25 _ _ — — 1 1 
Totals 2 4 30 74 120 222 164 144 72 36 6 10 14 898 


The constants of this table are as follows: 


General Astigmatism: Mean — -2372 D., Standard Deviation -7414. 
Cephalic Index, J;: 3» 87:3219, “5 ‘5 3:9273. 
Product Moment Correlation Coefficient: 7 = + -0383 + -0225. 
Correlation Ratio, General Astigmatism on Index: 

0? @4.1, = '027,367, ear, = 013,363 + -003,654. 


We have therefore an insignificant r, and a probably significant, but small, 9’¢47, = °1318. 


If we turn to the array-means we have: 


Grade of Cephalic 
Index, 100 H/B Mean General Astigmatism 


GENERAL ASTIGMATISM _& CEPHALIG TNDEX 100%, 
ALIEN JEWISH BOYS 


79°51 —-3542 D. +-0833 & 
81-95 —-3649 D. +-0581 Cy 
83-95 —+-2938 D. +-0456 a 
85-95 ~--2068 D. -£-0336 - 
87-95 —-1738 D. 4-0390 2 
89-95 —-8073 D. +:-0417 & 
91-95 —-0938 D. +-0589 ee 
93-95 —-1250 D. +-0833 < 
98-48 —+3250 D. +-0913 

General Population: —+2372 D. +-0167 


Gepgkahe Index 
Diagram 167. 


Except for the disturbing array-mean at 89-95, these form a quite orderly sequence, although 
none of the individual means is really significant. The effect of the index J; resembles that of J,, 


but is only 


about half as intense. See Diagram 167 where the regression has again been graduated 


with a cubic. 


230 


(ili) General Astigmatism and 


Table CCCLXXVII. 
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the 


Interpupillary Index. The data are provided in 


Table CCCLXXVII. General Astigmatism and the Interpupillary Index. 
Interpupillary Index (Central Values) 


General on ey 9 19 9 19 > 19 19 Noy iro ron 19 oy wo) x9 4 
Astigmotion | 3 1 S/S S SZ flzZlsisleisislizlislele 
in Dioptres oF ae) oO of oo} os = tH a +H st tH + H = inal 
+150 =, || _ 2} — | = 1 3 
+0-75 . —_ 2 4 6 ll 10 8 5 1 4) — 3 54 
3 0-00 6 14 | 35 77 | 126 | 115 |; 115: 69 | 53 | 26 4 4 6 2 2 654 
a ~—0-75 _ 2 7 9 19 13 14/ 14 8 il 2 I = 2 — | — | 102 
> --1:50 oe ie 1 = 7 2 5 5 2 24 
3 — 225 — | = 1 _ 3 9 7 2 4 26 
4 —3-00 2; 1)/—}]—] 1 | 22 7 
3 —3-75 4) — 3 1 8 
—4-50 1 2 3 
—5-25 1 1 
Totals 6 18 | 48 ; 94 | 170; 156 | 150 | 98 | 70 | 44 8 8 6 4 = 2 882 


We find for the constants of this table: 
General Astigmatism: Mean — :2219 D., Standard Deviation -7215 D. 
39-8015, a ES 2-2202. 


Interpupillary Index: _,, 


Product Moment Correlation Coefficient: r = — -0964 + -0225*. 
Correlation Ratio, General Astigmatism on Interpupillary Index: 
2 GAIpl = 036,337, 


Hence both measures of correlation show GENERAL ASTIGMATISM & INTERPUPILLARY INDEX 
sensible if small association. We have 


n ‘@A.Ipl = 1906, 


indicating on comparison with 7 that the re- 
gression is scarcely linear. Turning to the array- 


means we have: 


Grade of Inter- 
pupillary Index 
35-20 
36°45 
37-45 
38°45 
39-45 
40-45 
41-45 
42-45 
43-45 
45:95 


Mean General Astigmatism 


0000 D. + 
—:1250 D. + 


+0080 D. + 
—-2294 D. + 
—~3365 D. + 
—-1750 D. + 
—-3061 D. + 


—+3429 D. + 
—-2557 D. + 
~-2679 Dr + 


0993 
-0702 
0502 
0373 
0390 
0397 
0492 
0582 
+0734 
0920 


General Population: 


Although there is, perhaps, little significant 
here, beyond the mean of the array for 37-45, 


—-2219 D. +-0164 


Pear — 015,873 + -004,013. 


ALIEN JEWISH BOYS 
-2°0 


os 
é 


0-0 


Astigmatisr ie Dioptres 


Ietereupillary Iedex 
Diagram 168. 


we see clearly that General Astigmatism increases as we increase the index, a result confirmed by 


* The negative sign of the correlation arises from the negative sign of the general astigmatism, i.e. astigmatism with 
the rule increases with the index. 
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the correlation coefficient. Diagram 168 gives the regression curve which has been fitted with 
the cubic: 
GA = — -22706 — -04232 (I — 39-45) + -00287 (I — 39-45)? + -000,447 (J — 39-45). 
It is clear that the wider relatively the eyes are apart the greater is the astigmatism. Eyes 
close together have practically none. 


(iv) General Astigmatism and the Index of the Sunken Eye. Table CCCLX XVIII gives our data. 


Table CCCLX XVIII. General Astigmatism and the Index of the Sunken Eye. 


Index of Sunken Eye (Central Values) 


General M129 129 129 | 1 | 2 | 1D | oO | Do [>> | 2 12 | 2 1a 1] oO 1 | Oo | Oo 1) 129 | 3D | oO 4 
Astigmatism + + vt s ba v vt tt vt vw ¥ y vt <= v vy vy vt vt + + — s 
lin Dioptres| 2 | Lk) Sl e)/ S/S; Sl Sl/S /SISI/S S/S SISlLS ISS SLSIS Ja 

+1-50 ! 2 3 
+075 3/ 5/3] 6] 5) 5] 6] 7] 4] 5] 4) 1)/—/—]}— 54 
g 0-00 4 12 | 16 | 22 | 41 | 55 | 114) 82 | 89 | 98 | 53 | 42 | 20] 7] 3] 2 2 | 662 
4 0-75 1/ 5/1 41 9| 5/ 18] 18] 9} 10/] 12 rl ie a es ee ee 103 
> —1-50 1 as fee a —|—| 4/2] 4! 4] 3] 3] 2 25 
z 2-25 i | - 1 1/ 1} 2] 2) 3] 4} 6] 3] 1] 5] 1 }—}]—{—]—] 31 
= 3-00 T |} 222) ee 2 1 7 
& —3-75 1|/ 1] 4] 4 2 9 
—4-50 1 2 — 3 
—5-25 1 1 
Totals 2/—)/4|—] 2 | 16] 24 | 34] 60 | 74 | 144! 116/112] 130] 74 | 54 | 34/10] 4 | 2 | —] 2 | 898 
The constants of this table are as follows: 
General Astigmatism: Mean — -2372 D., Standard Deviation -7414 D. 
Index of the Sunken Eye: ,, 89-6816, Pe 5 2-8192. 
Product Moment Correlation Coefficient: GENERAL ASTIGMATISM & INDEX OF SUNKEN EYE 
r = -0646 + -0224. =e ALIEN _JEWISH_ BOYS 


Correlation Ratio, General Astigmatism on 
Index of Sunken Eye: 


0G A.SEI = 044,433, 
Poeaser — °020,045 4+. 004,459. 


n'aa.ser = °2108 has clearly and r= -0646 
possibly significance, if of small intensity. 
Diagram 169 exhibits the fall in Astigmatism 
as the eye becomes more protuberant. The 
following table of array-means only indicates 1-0 
significance for the excessively recedent eyes 
grouped at 82-45 and for the group at 93-45. 

All we can assert is that markedly recedent 
eyes are likely to be astigmatic. After an 
index of 84, there is only a slight sign of 
further decrease in the astigmatism as the eye tends to become more protuberant. 


1 
= 
oS 


0-0 


Astigmatism in Diogtres 


80-0 85:0 90-0 95-0 
Tedex: of Suaker Eye 
Diagram 169. 


232 PROBLEM OF ALIEN IMMIGRATION 
Grade of Index 


of Sunken Eye Mean General Astigmatism 
82-45 —-8125 D. +-1021 
85-04 —:2069 D. +-0657 
86-45 —-3250 D. +-0646 
87-45 —:2027 D. +:0581 
88-45 —:1667 D. +:0417 
89-45 —-3233 D. +-0464 
90-45 —:1674 D. +-0472 
91-45 —:2365 D. +-0439 
92-45 —-2128 D. +:0581 
93-45 —:0556 D. +-0681 
95-10 —-3317 D. +:0693 
General Population: —-2372 D. +-0167 


Summing up our results for General Astigmatism we conclude that it is more influenced than 
General Refraction by both the pigmentation characters and the physical shape of the head, 
but that the intensity of association is not really marked. We cannot say that every one with 
receding eyes far apart will be markedly astigmatic, but on the average they will be more so than 
the General Population. 

(e) Corneal Refraction and Pigmentation and Cephalic Characters. We have already drawn 
attention to the fact of a certain divergence between our observers A and B and our observer C. 
This leads to an average difference of slightly under the half dioptre (-42 D.) between their obser- 
vations of Corneal Refraction. We have not been able to determine whether this is a personal 
equation effect, or was due to boys of rather worse sight being sent to the first observers. This 
divergence forces us to consider whether A and B’s records alone lead us to conclusions opposed 
to those which may be drawn from A, B and C’s combined data, and this involves unfortunately 
a great increase in the computing work. 

(ia) Corneal Refraction and Pigmentation of the Eye (Iris). Tables CCCLX XIX and CCCLXXX 
(p. 234) give our distribution of Corneal Refraction for the various Eye Colours for the two 
series A, B, C, and A, B. The constants of these tables are as follows: 


A, B and C 
Corneal Refraction: Mean 43-4689 D. 
5 a Standard Deviation 1-5527 D. 


Correlation Ratio, Corneal Refraction on Eye Colour: 
i "onze = -006,829, Tl or.EC => -006,012 + 002,334. 


A and B only 
Corneal Refraction: Mean 43-8930 D. 
33 rn Standard Deviation 1-5198 D. 


Correlation Ratio, Corneal Refraction on Eye Colour: 
7” or.nc = °033,001, Poruc = 014,925 + -005,769. 


The former gives a value 7’ ¢n.4¢ = ‘0827, which is non-significant; the latter gives a significant 
value 7’ or«eo=°1817, which corrected for class-index correlation (-9717)=-1870, the correspond- 
ing correlation coefficient being 7 = -0982 +- 0333. This as well as the Diagram 170 indicate that the 
correlation is not linear. Clearly Eye Colour has little association with Corneal Refraction until 
we come to the grey eyes, when it suddenly falls. An examination of Diagram 170 for A, B and C’s 
combined observations shows that notwithstanding the insignificance of the correlation ratio in 
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their case, they give substantially the same result, ie. a fall of the Corneal Refraction with the 
lighter, not distinctly Jewish eye colours. We have the following system of array-means: 


Tris Colour A, BandCd A and B only 
Dark Brown eee 43-4464 D. +-1252 43-8355 D. +.-1663 
Medium Brown ... 43-4826 D. +-0617 44-0759 D. +.-0969 
Light Brown... 43-6401 D. +-0768 43-8988 D. +-1118 
Hazel ar ee 43-5337 D. +:0785 44-2539 D. +-1281 
Grey one wn 43-5236 D. +-0861 43-5160 D. +-1582 
Blue Grey ies 43-1875 D. +:1069 43-5893 D. +-1582 
Pure Blue fe 43-0469 D. +-1851 43-2500 D. +-2292 
General Population 43-4689 D. +-0332 43-8930 D. +:0511 


The individual means are not as significantly divergent as we might have hoped for and all we 
can say is: that there seems evidence, if not very strong, of a reduction in the Corneal Refraction 


when we take the Jewish boys with lighter irides. 


CORNEAL. REFRACTION & EVE COLOUR CORNEAL REFRACTION & HAIR GOLOUR 


ALIEN _ JEWISH BOYS 


BLACK VERY DARK DARK | MEDIUM LIGHT 
BROWN BROWN| BROWN BROWN 


ALIEN JEWISH BOYS 


Gorreal Refraction in Diogires 
Correal Refractiozr in Diogtres 


Hair Colour 


Eye Colour 


Diagram 170. Diagram 171. 


(ib) Corneal Refraction and Hair Colour. We should anticipate here that we should find the 
association still weaker than in the case of Eye Colour. Our data for the two series are given in 
Tables CCCLX X XI and CCCLX XXII (p. 235). Diagram 171 indicates that the Corneal Refraction 
again falls with the lighter hair shades. The erratic value for the “Slatey” hair group in the case 
of A and B only arises from the reduction from 20 to 6 individuals. The diagrams are plotted to 


a normal scale, but it must be remembered that this is only for convenience of representation. 


EUGENICS III, WI & IV 3° 
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Central Values 


Tables CCCLX XIX and CCCLXXX. Corneal Refraction and Eye (Iris) Colour. 


Eye Colour 
A, BandC A and B only 
Corneal id g ey i) b> oy |lo*e 4 wail Peles 7s b op] oo a 
Retacion |ZE| 56/561 2 | F | SE| 88 S| selasiee| § | & | 2e|52/ s 
in Dioptres | Ag oa ae se} oS RO |} mA = Ags Ze Aa ee] oS Pam | a faa 
38125 «| — | 2 re | ee ee - 1 
38-625 : 
39-125 _ 1 NN ee ak 14 || os 4 
39-625 1 1 1 Fo |e 24 || +e 7 ie 
40-125 =. 6 3 4 4 3 20 || — | — 8. ioe 3 2 2 10 
40-625 5 4 2 2 5 Cal eee ee 2 ae eae 2 elif ee 4 
41-125 P17 6 | ll 9 2 2 50 2 1 2 [oe 2 1 1 9 
41-625 al ee 7 6 | 10 1 49 = 2 4 1 4 2 Salle dg 
42-125 5 | 23 | 19 | 16 | 15 7 3 88 1 6 7 2 2 2 2 22 
42-625 gs | 34 | 11} 14 | lo | 12 6 95 4 6 9 5 1 6 4 35 
43-125 6 | 38 | 28 | 23 | 1 | 7 3 | 120 3 2 | 11 6 3 6 1 42 
43-625 12 | 35 | 15 | 34) 14 | 15 7 | 132 7 14 4 | 13 5 9 5 57 
44-125 9 | 46 | 28 | 16 | 25 T 2 | 133 5 23 |; 11 | 12 5 1 1 58 
44-625 9 | 30 | 20 | 13 | 15 8 1 96 5 21 | 10 6 4 2 =} 48 
45-125 6 | 17 95| 13 | 11 8 1 65:5 || 4 9 6 8 4 3 l 35 
45-625 3 | 16 8 8 9 Ss. |) 4. ope 3 11 2 2 1 6 — | 25 
46-125 1 11 9-5| 125) 7 2 3 46 1 5 7 BB) 5 2 3 28-5 
46-625 mas 1 8 6) Net eB gs 1 6 15] 1 ae pe 9-5 
47-125 | en es Soll ee aa 3 Zs, W|I), Bes 1 a |e hee ee 3 
47-625 ae ae 2 2 1 oe 1 2 
Totals 70 | 288 | 186 | 178 | 148 | 96 | 32 | 998 || 38 | 112 | 84 | 64 | 42 | 42 | 20 | 402 
The constants of the tables for hair colour on p. 235 are as follows: 
A, Band C 
Corneal Refraction: Mean 43-4664 D. 
a5 He Standard Deviation 1-5538 D. 
Correlation Ratio, Corneal Refraction on Hair Colour: 
2" oRC = ‘018,401, Tor.ac = -006,012 + 002,334. 
7’ crue = *1857 and is most probably significant. 
A and B only 
Corneal Refraction: Mean 43-8843 D. 
=i - Standard Deviation 1-5212 D. 
Correlation Ratio, Corneal Refraction on Hair Colour: 
2 or.xo = °028,191, Poruc = ‘014,851 + -005,735. 
1 cruc = *1679 and is scarcely significant. 
Turning to the array-means we have: 
Corneal Refraction 
Grade of Hair Colour A, Band C A and B only 
Black ...0.. 43-3889 D. ++1747 44-5893 D. -+-2742 
Very Dark Brown 43-6920 D. +-0725 43-9708 D. +--0992 
Dark Brown... 43-2855 D. 4--0637 43-8328 D. +1169 
Medium Brown ... 43-5970 D. +-0601 43-8347 D. +-0921 
Light Brown... 43-3697 D. +:-0879 43-8143 D. +--1226 
Slatey 0. we 43-2250 D. +2343 44-7083 D. +-4189 
Red ae - dei 42-4375 D. +-2620 42-3750 D. +-4189 


General Population 43-4664 D. +-0332 43-8843 D. +-0511 
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Very few of these differences of means can be said to be significant, except that for Red Hair. 
None if significant is of any prognostic importance. We must content ourselves therefore by saying 
that the red-haired Jews are likely to have a subnormal corneal refraction. 


Tables CCCLX X XI and CCCLXXXII. Corneal Refraction and Hair Colour. 


Hair Colour 


A, BandC A and B only 
Corneal od 4 Bal s+ B 4 ad 4 a | & ) > 2 
Refraction 3 A * Be Z aE 2 3 £ 3 A 4 3 5 3 ZF = 3 = 
in Dioptres | © “1 Ag | Ssh Ag DB a a aa) a )/Ag | 8s | 48 Rn pa a 
> = > =) 

38:125 _ — = 1 — — — 1 — — a 1 = — — 1 

38-625 - 

39-125 — — — 3 1 — —_— 4 

39-625 I 2 1 — 2 I — 7 = 

40-125 2 2 2 8 5 —_— 1 20 a — 1] 6 2 —_ I 10 

40-625 I 4 5 6 ] ] 3 2] a 2 — 1 — —- ] 4 

41-125 1 9 20 8 10 1 I 50 —_ 2 1 1 5 — - 9 
3 41-625 4 9 20 9 4 2 1 49 — 3 5 4 1 — — 13 
3 42-125 1 16 29 26 1] 2 5 90 — 9 2 7 3 I 2 24 
> 42-625 2 20 23 32 14 3 I 95 I 13 4 12 4 I ~ 35 
3 43-125 9 22 31 38 17 2 —_ 119 2 7 13 13 7 —_ — 42 
Se 43-625 4 2) 39 41 26 — —_ 131 4 ll il 16 15 — — 57 
& 44-125 — 38 36 37 20 2 — 133 — 19 12 15 12 — — 58 

44-625 1 16 34. 33 9 1 2 96 1 ll ll 17 6 — 2 48 

45°125 15| 19 20 18 5 2 —_ 65-5 ] 1] 12 7 3 1 — 35 

45-625 3 16 8 20 4 a 1 52 1 9 4 8 3 — — 25 

46-125 3:5} 10 2 16 10:5} 3 I 46 2 5 1 11 65! 3 —_ 28-5 

46-625 2 3 1 6 15) — — 13-5 2 3 a 3 15) — —_ 9-5 

47-125 —_— 2 — — 1 — — 3 —_ 1 ~ 1 J — -- 3 

47-625 — — — 2 — — — 2 —_ 1 — J — — — 2 

Totals 36 209 271 304 142 20 16 998 14 107 77 124 70 6 6 404 


(ii) Corneal Refraction and the Cephalic Indices. 

(a) Corneal Refraction and the Cephalic Index, I, = 100 B/L. Tables CCCLXXXIII and 
CCCLX XXIV contain our data for the two series of observations. The constants of the tables 
“are as follows: 


A, Band C 
Corneal Refraction: Mean 43-469 D. 
a a Standard Deviation 1-5540 D. 
Cephalic Index, J,: Mean 82-602. 
55 53 Standard Deviation 3°5284. 
Correlation Coefficient: r = — -0769 + -0212. 


Correlation Ratio, Corneal Refraction on Index: 
7” on, = 029,183, — Por.z, = "008,000 + -002,686. 


A and B only 
Corneal Refraction: Mean 43-892 D. 
- -3 Standard Deviation 1-5233 D. 
Cephalic Index, J,: Mean 82-366. 
53 5 Standard Deviation 3-5928. 
Correlation Coefficient: r = — -0140 + -0336. 


Correlation Ratio, Corneal Refraction on Index: 
0” on.1, = °012,099, ors, = °019,801 + -006,613. 


30-2 


Central Values 
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Tables CCCLX XXIII and CCCLXXXIV. Corneal Refraction and Cephalic Index, I, = 100 B/L. 
Cephalic Index (Central Values) 


A, Band C A and B only 
Corneal 
Refrc- £ 8/8/8! 8/8/88) 8 8 8 8) s 8)/8!8)8/8)8)/s 8 slele es 
. * > ° a rs ° a = q a *. a * =. ° > * ww 
Depes| SPE PR IELR Els l(Slals/elsel| & |S ejRlR/ESle |B) Be als] s 
38-125 1 1 = 1} — }|—|—-—|]— 1 
38-625 - 
39-125 2) 2) —|—)—-|— 4 
39-625 | — | — —| 1 1}—J] 1] 3 1}—}]— 7 = 
40-125 | — | —|—|—]| 4 4/ 5) 3) 3 1 }—|—y] 20 SS ee DL 4|/—/| 1 1 }|—|—y] 10 
40-625 | — | —|—j|—] 3 2) 7; 4] 3 2/—|—]| 2l 1 3 - 4 
41-125 | —) —}|—j} 1 3 4 | 10 | 16 | 10 4/2 |—| 50 —j—}1—}] 1] i | 2 2; 3) —|—]}—)— 9 
41-625 | — | — | —] 1 3; 12/10/11] 8 3 | 1/— | 49 —!}—j;—] 1/2) 3 3); 1] 2 |—/|] 1]/—}| 38 
42-125 | —|—|— | 2 9 | 12] 14 | 32 | 15 5 | 1},—j; 90 —!1—]—]1)4]1 3/ 6] 7 1 1 )—y| 24 
42-625 | — | — | — | 8 6 15 | 15 | 27 | 24 4; 7] |—] 95 —|]—|;—] 1] 41] 6 2/12) 7 3 )—!—]| 35 
43-125 | — | -— | — | 3 | 16 | 27 | 23 | 26 | 16 3/3] 1 | 118 —|/—|]—] 2] 2] 9 8 | 10} 6 2/;—|1 40 
43-625 | 2 | — | 2 | 5 | 14 | 19 | 33 | 26 | 18 7 | 5 | 1 | 132 2;—/2)]3)6)] 5 | 11) 138] 9 4) 1 1 57 
44:125 | — | 2 |] 3 } 8 | 13 | 13 | 26] 31 | 24 9) 2 | 4 | 185 —|2/]3)2) 8/7 9|/ 16) 9 3°} 1 |—] 60 
44-625 | 1 | —| 1] 3 7 | 16} 16 | 24 | 13 9/4] 2 96 —!—}] 1/1) 5] 5 9 | 10 | 10 7}—|—| 48 
45-125 | 2 | —|— |] 2 55/17] 8 | 18] 6 4] ] 2 65°5|| 2 | —|—|]—] 3] & 5| 11} 4 3 )—] 2 35 
45-625 | 1 | —}— |} —]} 12 14} 10} 8; 4 1 |}—|—| 50 —;|—|—|]—] 4] 4 7; 5] 2 |—|—j;]—] 28 
46-125 | — |; — | —] 3 35/15} 7/ 7; 55} 3 | 4 1,—, 48 —;—;—|]38]2|7 6/ 5 | 25) 2 | 3 | — | 30-5 
46-625 2 1} 3] 1] 45)/—] 2 |—| 185 2 1 3/ 1, 15)—] 1] — 9-5 
47-125 1 1 Dy) en Syl 3 1 I 1 }]—|]—)|J—- 3 
47-625 |} — |—}—]—] 2 2 —);-—};—]1)]1 2 
Totals | 6 | 2) 8 | 32 | 102 | 172] 190j 238] 158 | 56 | 26 | 10 | 1000 || 4 | 2 |} 8 | 16) 46) 58 | 76 | 94] 62 | 26| 8 | 4 | 404 


The constants show us that the frequencies of A and B’s data alone are not adequate to provide 
a definite association, but when we have 1000 individuals, we see that 7’¢;,.;, = +1708 is significant 
and also differs sensibly from a small but significant correlation coefficient. Thus the distribution 
is skew. This is at once confirmed by an examination of Diagram 172 lower, on p. 237, where the 
parabolic nature of the regression curve is clear. By the aid of this diagram we can interpret 
Diagram 172 upper, which shows the same type of curve only flattened. We conclude from these 
diagrams that deviation from the modal value of the cephalic index to any extent is associated 
by an increase of Corneal Refraction, which in the early stages of human evolution might affect 
the vision in a way detrimental to easy survival. 

The array-means are as follows: 


Grade of Cephalic Index, 100 B/L Mean Corneal Refraction 


A, BandC A and B 
72-20 (A, B and C) 72-52 (A and B) 44-594 D. +262 44-518 D, 4-275 
75:95 43-906 D. +-185 43-969 D. 4:257 
717-95 43-571 D. +:104 43-766 D. +-151 
79-95 43-695 D. +-080 43-909 D. 4-135 
81-95 43-367 D. +:076 43-862 D. +:118 
83-95 43-255 D. +-068 43-827 D. +:106 
85-95 43-282 D. +-083 43-798 D. +:130 
87-95 43-384 D. +-140 43-971 D. 4:202 
90-51 (A, B and C) 90-62 (A and B) 44-125 D. 4-175 44-458 D. 4-297 


General Population: 43-469 D. +-033 43-892 D. +-051 


The largeness of the probable errors in the A and B series suffices to emphasise how difficult it 
is to discover the finer associations on a series of even 404 cases. 
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CORNEAL REFRACTION & CEPHALIC INDEX 100%, 
eee 
ALIEN JEWISH BOYS 


OBSERVERS A&B ONLY CORNEAL, REFRACTION & GEPHALIC INDEX 100% 


ALIEN _JEWISH BOYS 


OBSERVERS A,B&G ' 
1 


Corneal Refractioz ia Dioptres 
-~t-- t- 


Correal Refraction in Dioptres 


4 


65-0 70-0 70 ~~ +800 
Cephalic Index 100%, Cepkalic Index 100, 
Diagram 172. Diagram 173. 


(8) Corneal Refraction and Cephalic Index, I, = 100 H/L. Our data for the two series are given 
in Tables CCCLXXXV and CCCLXX XVI. The constants determined from these tables are: 
A, BandC 
Corneal Refraction: Mean 43-468 D. 
- Standard Deviation 1-5553 D. 
Cephalié Index, J,: Mean 71-8179. 
= Standard Deviation 3-1148. 
Coppelation Coefficient: r = — -0160 + -0213. 
Correlation Ratio, Refraction on Index: 
7 or, = °013,836, Pors, = 006,012 + -002,332. 
r is insignificant, ’o7,,;, = °1176 is probably significant. 
A and B only 
Corneal Refraction: Mean 43-892 D. 
4s Standard Deviation 1-5233 D. 
Cephalic Index, J,: Mean 72-9005. 
35 Standard Deviation 3-4626. 
Correlation Coefficient: r = — -0704 + -0334. 
Correlation Ratio, Refraction on Index: 
1 ont, = 084,328, — Pep.7, = ‘017,327 + -006,192. 
r might be just significant and 7’¢x,7, = +1853 possibly the same. 


Central Values 


238 


Grade of Cephalic Index, J, 
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A study of the graphs (Diagram 173, p. 237) does not reveal more than a possibility of a slightly 
parabolic skew regression, with a general tendency of slender intensity to lessened Corneal 
Refraction with hypsicephalic values of the index. The array-means, which do not indicate any 
substantial differentiation, are as follows: 


Mean Corneal Refraction 


A, Band C 

65-08 (A, B and C) 64-84 (A and B) 43-740 D. £°155 
67-95 43-643 D. +-100 

69-95 43-476 D. +--069 

71-95 43-183 D. +:067 

73-95 43-630 D. -.-074 

75-95 43-424 D, +-109 

78-31 (A, B and C) 78-38 (A and B) 43-587 D. 4-129 
General Population: 43-468 D. +-033 


A and B only 


44-014 D. +-242 
43-858 D. +-188 
44-348 D. +-128 
43-642 D. +--108 
44-103 D. +-107 
43-505 D. +-140 
43-777 D. +:137 


43-892 D. +.-051 


Here while only the array-mean at 71-95 is significant for A, B and C, indicating that the fall near 
the modal value of the index is real, there are several possibly significant array-means for the 


A and B only series, but they alternate in such manner as to give no orderly sequence. 


Tables CCCLXXXV and CCCLXXXVI. Corneal Refraction and Cephalic Index, I, = 100 H/L. 
Cephalic Index, 100 H/Z (Centra! Values) 
A, BandC A and B only 
Corneal [ig fig |g |p fp | we fap |p |g [ro lola le | 4 wjpeloeloele! ww. fmejoepse|el}oejejoe| 4 
Refraction |2@ |S |S)/S/S)] S|Sel/S/ Se /SlSelelo] fg PLPL PIL Pl Sl, SP lS Sel/Si ani Slo io) gs 
in Dioptres Sis /S/S8/Sj) S /EIRFJRIiF [2 \SlB a BSlisiSls/S/ S /F/F SIRES ;HI1B & 
38-125 1 1 1 1 
38-625 
39-125 3 1 4 
39-625 2 | zi 3 pl—j|—le q 
40-125 }|—|—|—|—| 3] 4 | 6] 2] 4} 1/—]—/—|] 20 1 af 2) 34 E ps —| 10 
40-625 |—|—|]—;—! 1] 5 | 8] 3) 3} 1}/—]—/]—] 21 3 1 4 
41-125 |—|—!]—]| 2} 4/12 |19) 8} 5;—]—j—/—} 50 ||—|—|—|2]1 5 1 9 
41-625 |—|-—-|—] 2] 5] 7 17/13] 3] 2 —j—| 49 : ae 5| 3/3] 1)—!—|]—] 13 
42-125 |—|—|]—|5 {11/16 |33)/16; 7) 2}—);—/—]} 909 ||—]—]—]1!3j] 5 | 2] 6} 6] 1]/—|—|—|} 2 
42-625 |—|—|—|21/12]23 | 22/22; 8| 6|/—}—|]—| 95 ||/—;—!—1—|3] 6 | 7/10) 5}; 4}—|—|—)} 35 
43-125 |—|—|—}3 | 8\43 |26)14) 9/14) 1 }—}—/1ig j}—)—}—)—) 2) 7 | 8) 914) 911]/—|—) 40 
43-625 |—|—-|2|6|16/26 |32]26/14/10/—}—-}—/132 || —|—]—| 21,6] 6 |12/13] 9 |10|/—|—]—] a7 
44-125 2|—|4]4]14]24 |33}/28/12)10]—}—]| 2/133 |) 2}/—/—|1]4] 8 {15/13} 5]10}/—|]—] 2) 60 
44-625 |—|1)1|5|12/25 [15/20/10] 6| 1 |—!—| 96 ||—|—/113]4]10 | sliols| 6|1)/—|—| 48 
45-125 |—|]—|1]3 | 9]145}14]15| 4] 3) 2|/—!—] 655]/—|}—|1]2]1] 6 |10] 6] 4] 3} 2|/—]—] 35 
45625 |—-} 1}—|—! 6/12 |12]12] 5] 2/—/--}—|] 50 3 | 6] 8s} 4] 2/—|]—|]—] 23 
46-125 —/1;—| 8/15 | 7/10} 6}/—]a |— 48 ||—/—|1{/—| 4/105] 3] 7) 4/—] 1 !— 30-5 
46-625 1 1-5 9} 1]—] 2 |—]—} 135 I —} 15 6 1 9-5 
47-125 |—j/—|—]—| 2; 1 | 1 3 1 | 2 3 
47-625 2 2 1 1 2 
Totals 2 | 2 | 10] 32 110] 234 |248|202] 92/58; 6 |—-| 2] 998 || 2/—]| 4 |12]30/64 |90]921 54/48] 6 |—| 2 | 404 
It is clear that the second Cephalic Index has less relation even than the first to the curvature 


of the cornea. 
(vy) Corneal Refraction and Cephalic Index, I, = 100 H/B. 

CCCLXX XVII and CCCLX XXVIII. The constants of these tables are as follows: 

A, B and C 

Corneal Refraction: Mean 

3 Standard Deviation 1-5553 D. 

87°1755. 


Cephalic Inde 


Correlation Co 


x, J;: Mean 


Our data are presented in Tables 


43-472 D. 


es Standard Deviation 3-9347. 
efficient: r = + -0555 + -0212. 


Central Values in Dioptres 


Correlation Ratio, Corneal Refraction on Index: 
Fors, = °007,984 -- -002,682. 


KARL PEARSON anp MARGARET MOUL 


n 2 neds Ts 017,832, 


Corneal Refraction: Mean 


29 


A and B only 


22 


43-896 D. 


Standard Deviation 1-5297 D. 


Cephalic Index, J;: Mean 
Standard Deviation 4-6064. 
Correlation Coefficient: r = — -0612 + -0333. 

Correlation Ratio, Corneal Refraction on Index: 
7 ont = 056,324, 


99 


39 


88-6745. 


ors, = °019,608 + -006,548. 
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Tables CCCLXX XVII and CCCLX XXVIII. Corneal Refraction and Cephalic Index, I, = 100 H/B. 
Cephalic Index, 100 H/B (Central Values) 


A, Band C A and B only 

Conal [8 /8/8/8 /18/8/8/ 3 |(S|/S/SI18181 21818) 8 (SIS IBIBISISl8lSI8| Z 
Refraction |} 6 |e /S] a lea l/oeic | & |alaloelelae] s Slo] Ss |alszlSlolslalsax]/soloa 6 

| ~~ bt CO fo a) io.4) foe) CO oa oO oO fon} for) ia] tC ~ foe) io 6) fo a) ioe) foe) fan} for) an) fan) for) i 
38-125 i I 1 1 
38-625 é 
39-125 —|—|~—] 1 Lyf ae a |, nt 
39-625 sea eae eee (ee 2) 4)— 1 — 7 — — — 
40-125 —|—|/~—] 1 41 4] 3] 83 1/3 ;/—}—!1] 20 |}—|—j— | 3};—/—] 2] 1] 3}—J]—j| 1! 10 
40-625 —~|—|}—| 1 3) 5] 6) 1 2/3/—;—/—/} 21 |}—/—/]— |—J—]2/—] 1] 1]/—J—J—| 4 
41-125 —|—| 3] 7 8/15/10] 4 1}/2/—/|—}—! 50 ||—] 2 }— 1}/—] 1] 3/—|2/—/|—[—] 9 
41-625 —|—] 2] 5 7\14| 9| 4 3] 4!/—/]—|1) 49 |i—!1)1 1} 2} 1/—/] 2] 4/—]—] 1] 13 
42-125 —|/2) 4/10 | 15/24] 16] 12 6;/—|—!—J] 1] 90 211) 8 2) 2/4] 6| 3}—]—]—] 1] 24 
42-625 —|/—!11}; 8 |12/25! 8] 18 5/5/2/—/] 1] 95 ||—| 4] 2 4|/ 4/2/10] 2} 4/2 ]—J/1] 35 
43-125 —/—]| 1) 8 |20/18/31/18 |i4} 4) 3]3]—J]120 |}—|]—] 1 6] 2/6/11} 9} 3} 3]1};—] 42 
43-625 1}—j| 1/10 |21);35/14)/29 |16! 2]1)111 4/132 ||—|/—] 3 5 {11] 4/18/11} 2] 1] 14] 14) 57 
44-125 1] 1) 5/12 | 22] 30] 20/21 7; 8|/—|] 2 {4/133 1/3] 2 3)11} 9/11] 6] 8;/—| 2/41] 60 
44-625 —!/1] 4115 |10/25/21| 8 5) 4/—/}2j)]11] 96 1} 1] 7 6/11;/9] 4] 2] 4]/—]2]1] 48 
45-125 —/—! 1) 2 |11/17/19] 35] 8} 4}—|]—/|—] 65-5}/—|]—] 1 8} 7/6] 2) 7) 4;/—!|—);—] 35 
45-625 —/—j 1] 4 1/12| 7] 9 |14)/—]—/]—] 4] 52 |}J—/—] 1 1/3} 2} 5] 9}—J—|—| 4] 25 
46-125 —|/—| 3} 35) 6/15! 6/115!) 3}/—}—|]—]—] 48 |/—| 2] 25]4] 812] 9} 83)/—/—|—/—|]| 305 
46-625 —{|—] 1] 05) 3] 3) 1] 3 |—}]—!—]2]/—] 135])/—| 1) 05 }—] 2} 1!) 8}—]/—|]—;}2);—] 95 
47-125 —{—| 1}/— |—] 1) 1 3 f|T—|21}/— }—]}] 1J—|—|} r]/—|/—|/—/—| 3 
47-625 | ee i freee] 2/—|—|—!—]} 2 |]—|—I— _ j—J—|]1];]—} 1/—/|—]—/—] 2 
Totals 2 | 4188} 88 |146|248/172| 146 | 88/40] 6 | 10] 14] 1002 || 4 | 16] 24 | 44 | 64| 50/84] 58/36] 6] 8 | 14] 408 


While the correlation coefficients are barely significant, 


the correlation ratio of Corneal Refrac- 


tion on Cephalic Index J; is significant in the two cases and we have for A, B and C: n’ox.7, = +1335 
and for A, B only: 7’ or.7, = °2373, the correlation being weakened by the addition of C’s results. 
We will now examine the array-means with a view to tracing this matter further. 
A, Band C 


Cephalic Index, 
100 H/B 
79-59 
81-95 
83-95 
85:95 
87-95 
89-95 
91-95 
93-95 
98-48 


43-489 +-158 D. 
43-361 +-112 D. 
43-279 + -087 D. 
43-442 4-067 D. 
43-485 + -080 D. 
43-615 +-089 D. 
43-864 +-112 D. 
42-850 +166 D. 
43-858 +-192 D. 


General Population: 


43-472 4-033 D. 


Mean Corneal Refraction 


Cephalic Index, 
100 H/B 
79-55 
81-95 
83-95 
85-95 
87-95 
89-95 
91-95 
93-95 
98-52 


44-090 +-135 D. 
42-972 +-172 D. 
43-911 4-195 D. 


General Population: 


43-896 +-051 D. 


A and B only 
Mean Corneal Refraction 
43-625 4--231 D. 
44-052 +.-211 D. 
43°773 +156 D. 
44-414 +-129 D. 
43-965 +-146 D. 
43-804 +:113 D. 
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PROBLEM OF ALIEN IMMIGRATION 


It will be seen at once that the only significant differences from the General Population mean 
occur in arrays at 91-95 and 93-95 for the A, B and C series and in arrays at 85-95 and 93-95 for 


A and B only. It is probable accordingly that 
we can only stress the dip at 93-95 (see Diagram 
174). Apart from this dip there is no regularity 
in the distribution of array-means. The sugges- 
tion must be that very high values of the Index 
tend to be associated with low Corneal Refrac- 
tion (although this is not confirmed by the 
array at 98-5, where the numbers in both series 
are, however, small). It may be that high 
values of the Index are due to a racial inter- 
mixture. Anyhow the nature of the association 
as indicated by the graph is not such as to be 
of any service for prediction. 

At this point in our work, it seemed worth 
while inquiring what relation such an ocular 
character as Corneal Refraction had to an 
absolute measurement on the head. We have 
seen (Vol. 11, p. 132) that for the ages 6 to 15 of 
the boys there is no sensible change of Corneal 
Refraction with growth. But the absolute size 
of the head does vary with growth. Growth 
cannot therefore be a common factor giving 
an association between the radius of curvature 
of the cornea and any measure of size of head. 


4, 


Correal Refraction in Diogtres 


GORNEAL REFRACTION & CEPHALIC INDEX 100%, 
ALIEN JEWISH BOYS 


OBSERVERS A&B ONLY 


460 


42-0 


80-0 850 90-0 95-0 
Cephalic Index 100'%g 
Diagram 174, 


The most suggestive size measure to take seemed to be the distance from the auricular axis to 
the centre of the left eyeball, ic. the length we have termed ¢ (see Vol. 11, p. 118), which may be 
defined as the auricular-corneal length. The following correlation table was then obtained: 

Table CCCLXX XIX. Corneal Refraction and Auricular-Corneal Length. 


Corneal Refraction in Dioptres (Central Values) 


Auricular- és 
Corneal elolol/elolwololselol|se}|ojs|o]» e{/sie 20 |olwo |] Ss 
Ditone |2/R/S/Sielslal(slsi/saisa/sl/sl/s] 31/8/s/ se /sl{si eZ 
in mm. oe 
66-5 2 2 
68-5 _ 2 2 
70-5 2; 2| 2 6 
72-5 1 I 2 
74-5 —/|—|—|1 1 2 1 1 1 4! 3]; 3] 4)/—/] 1 1 1] — —|—| 24 
76-5 —;—!—}]—] 1 ] 2 ] 4| 7| 3] 7 6, 4) 7 2; 9] 3 1 | —| 58 
z 78-5 —|—} 1 1 2;—/] 3! 4] 5| 7] 8] 2) 4] 12] 7 3 8 | — IT | — | 68 
¢ 80-5 —|—j;-—) 1 4) 2 6| 7] 16) 19 | 20} 21 | 29 | 15 | 12 10; 7/ 1 —| 2 | 172 
"a 82-5 —|—t—|—| 7 | 2 7} 8) 13 | 18 | 24 | 27/25/13 | 105]. 9 / IL | 25 1 | — | 178 
> 84:5 1 }—j|/—| 2 2 5 | il 5 | 15 | 12 | 22 | 24 | 19 | IL 7 8 6 | 2 — |— | 152 
Ss 86-5 —|—]| 3 2 1 6 8 2 9 | 12 | 13] 13 | 16) 15 6 5 IT | — — | — |} 112 
4 88-5 —|/—|;—|—]| 2 ] 5}10}10!) 6/12] 15,13] 8| 4 8}; 2| 2 —|—j}; 98 
3 90-5 2 4; 6) 9) 5] 6} 11 9} 2] 3 1 58 
92-5 2) 2) 3 1}/—/] 2] 3] 10; 2 3 : 28 
94-5 I 3} 2) 2) 34 4 I 2 2 20 
96-5 ; i 1 3 3 lj 1 Ae 10 
98-5 2 2 S| SS 4 
100-5 2} 2) 2 2);—|— ae eat 8 

102-5 
104-5 2 —_ 2 
Totals 1|—j| 4! 7 | 20 | 21 | 50 | 49} 90 | 95 | 120} 132] 135} 96 | 65-5 | 52 | 48 | 13-5 | 3 | 2 | 1004 
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The constants of this table are as follows: 
Auricular-Corneal Distance: Mean 83-9024, Standard Deviation 5-1784. 
Corneal Refraction: » 43°5228, a te 1-5539. 
Product Moment Coefficient of Correlation: r = — -0529 4- -0212. 
Correlation Ratio of Corneal Refraction on Auricular Corneal Distance: 
nor acp = ‘047,839, Wor.acp = ‘018,924 + -003,519. 

Here the correlation coefficient is insignificant, if it be not actually non-significant, but the 
correlation ratio is significant and we have 7’ or. 4,.p = ‘2187. We turn to a graph for enlightenment 
(see Diagram 175) and note that from the array at 78-5 to that at 90-5 there is a fairly smooth 
and uniform decrease of Corneal Refraction with increase of Auricular-Corneal Distance. But for 
the two arrays at either end of the range there is a divergence from linearity, the Corneal Refraction 
tending to fall for values of the Auricular-Corneal distance less than 78-5, and to rise for values 
greater than 90-5. Are these results merely apparent and due to the vagaries of random sampling 
with outlying small frequencies? Let us examine the array-means for the answer. 

CORNEAL REFRACTION & AURICULAR-GORNEAL LENGTH 


Grade of Auricular-Corneal Mean Corneal 


Distance in mm. Refraction in Dioptres (QBSERVERS A,B&C)_ ALIEN JEWISH BOYS 
69-83 43-583 +--303 Pp 
74-50 42-917 +214 & 
76-50 44-116 +-138 s 
78-50 43-691 +127 A 
80:50 43-567 -+--080 3 
82-50 43-537 +-079 § 
84-50 43-293 +-085 3 
86-50 43-138 4-099 3 
88-50 43-401 4-106 C 
90-50 42-996 4-138 $ 
93-33 43-594 +151 & 
98-83 44-354 4-214 
General Population: 43-523 4-033 « mm, nas in is - i 


Auricular - Goreeal Length in MM. 
Diagram 175. 


It will be seen that the array-means at 74-5, 90-5 and 98-83 differ significantly from the General 
Population mean, and the significance is the greater because they diverge in a sense opposite 
to the direction suggested by the regression line as determined from the observations at 78-5 to 
90-5. It would seem therefore that these divergences are not merely results of random sampling. 
It has struck us repeatedly in this work that occurrences in the tail values of various characters 
present peculiarities which deserve to be pursued further. As a rule tail frequencies are small 
and their eccentricities within the limits of random sampling, but when they are significant and 
anomalous, they may be most suggestive for evolutionary interpretation or as indications of racial 
admixtures. We have graduated the array-means with a cubic. 


(iti) Corneal Refraction and Interpupillary Index. Our data will be found in Tables CCCXC 
and CCCXCI, pp. 242-3. The constants are as follows: 


A, Band C A and B only 
Corneal Refraction: Mean 43-463 D. 43-884. D. 
ss i Standard Deviation 1-5581 D. 1-5256 D. 
Interpupillary Index: Mean 39-825 39-052 
55 ‘6 Standard Deviation 2°1835 23195 
Product Moment Coefficient of Correlation: r= — 0951 + -0213 r = — -0023 + -0336 
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Correlation Ratio of Corneal Refraction on Interpupillary Index: 
For A, Band C 1” cri = 026,165, Pcrip: — °009,128 + -002,889. 
For A and Bonly) 4? op 7, = °081,518, Por.zpr — °032,338 + -008,407. 
Both 7’s are negative but that for A and B’s observations only is not significant, while that 
for A, B and C’s is significant but small. On the other hand the correlation ratios for both series 
are significant and give 7’cp.); = °1618 and -2855 respectively. Diagram 176 by no means 


indicates very close relationships, but certainly corresponds to non-linear regression. The array- 
means are as follows: 


CORNEAL REFRACTION & INTERPUPILLARY INDEX 
ALIEN _ JEWISH BOvs 


Grade of Inter- Mean Corneal Refraction 

pupillary Index A, Band C A and B only FY 
35-22 44-077 +:206 D. 44-526 +-243 D. OBSERVERS A& B ONLY 3 
36-45 43-548 +-146 D. 43-837 +-163 D. : 
37-45 43-782 +:104 D. 43-804 +-123 D. 
38-45 43-731 +:077 D. 44-255 +-106 D. pemepener 
39-45 43-267 +.-080 D. 43-247 4-120 D. T 
40-45 43-224 +-078 D. 43-615 +-143 D. ; . 
41-45 43-524 +-098 D. 
42-45 43-294 1-122 D, f(41'85) 44°304 194 D. Taare 
43-45 43-035 +:149 D. 
rae 43-542 4.199 D, }(45°30) 44-279 4-202 D. 

General Population: 43-463 +-033 D. 43-884 +:051 D. 


It is clear that a number of the means are 
here significantly different from that of the 
general population, although fewer in the 
second than in the first series owing to the 
inadequacy of the numbers. We have fitted 
the first series with the cubic 
CR = 43-125 + -23340 — -06689 (J — 40-45) 

+ :01285 (I — 40-45)? + -00108 (J — 40-45) 
and transferred this to the modified mean in 
the diagram for the second series. We believe 
it probable that the relative distance of the 
eyes apart does affect the Corneal Refraction 
if only in a minor degree. 


Correal Refraction in Diogires 


Inierpupillary Index 


Diagram 176. 
Table CCCXC. Corneal Refraction and the Interpupillary Index, A, B and C. 


Corneal Refraction in Dioptres (Central Values) 


Interpupilany |4 8) S/S /S/S/S|/S/Al/Sl/R/ Bj 8) si 8 |S} & |B |RlBl Bs 
inex Iel/8lelalelselsisisisieleislsi3 /8/s}/s isisieé 
34:45 2 ] l I 0-5 0-5 —!— 6 
35-45 : ] ] 3 5 1 ve 1 1 — —|— 20 
36-45 2 I 2 5 6 5 | 10 4 8 6 2 I — —|— 52 
37°45 — | — | — | — 1 1 1 4/13] 17 8 | 10 | 14 8 4 5 | 12 3 1 — | 102 
e 38-45 —|—|]— 2 1 3 9 5 | 12 | 28 | 15 | 20 | 22 | 25 | 12:5 |] 15 9-5 2 I 2 184 
S 39-45 1 —_—|}— 1 6 4 6113 | 16] 10 | 29 | 25 | 28] 11 7 6 8 1 — te 172 
cs 40°45 —_—|— I 2 4 3 13 | 14] 171] 11 | 27 | 22 | 28; 19 | 12 3 4 2 — | — | 182 
ee 41-45 —}|— | — 1 1 3 Il 8 5 6 | 14/10] 16 | 14 | 12 8 4 1 — |— | 114 
Ss 42-45 —|—}— 1 3 2 4 1] 11 4 9/17 6 5} — 7 2 2 — | — 74 
a 43°45 — | — ] — 2 4 2 1 8 7 6 7 3 1 1 1 3 2 1 — 50 
3 44-45 1 — I 2 2/—~ |— 1] — 1 ] 1 — — | — 10 
45:45 2 3 1]|}— 2 8 
46:45 2 ] I] 2 6 
47°45 2 2 4 

48°45 
49-45 —j—-!]—|— — 2 —_ —|-— — — | — 2 
Totals 1 — 4 7 20 | 21 | 49 | 49 | 89 | 95 | 117] 129); 182] 92 | 64:5 | 52 | 46 13-5 3 2 986 
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We give the similar table for the observations of A and B only. 
Table CCCXCI. Corneal Refraction and the Interpupillary Index, A and B only. 
Corneal Refraction in Dioptres (Central Values) 
Inter- 1d 19 19 10 19 19 19 10 9 19 9 19 19 rey Ye) 19 9 2 
pupillary | 3 S/8/8)8/8 (8/8/38 / 8/8) 8) 8/8/38 )8/ 2/3 
Index 2 S/Si sal als; Sl Ver sl~s Sal al~alalyal| sy; ala 
34-45 - ra ee ie a ee en fee i a ee ee 
35-45 _ - Bs] ae) a 14 
36-45 ~ = sell Ss | ell Be [le Beal NOL at EN BaP Be I ee ese ey! a 
37-45 es 1}/—|—J]3 | 11};i1/] 4] 8/ s/ s{| 4] 4]6]2 ]1 |—| 7 
- 38-45 — Sse tse lege yt cde | a ABE |. Sache SO) Rs ade Rll ARO ee 2 || Ce he 
g 39-45 1 a eee a eee ee eens ee a ee ee eee Ue 
a 40-45 = 2/2/2/3/] 1/ 2/ 4] 8/4] s8]2]—|]2]2]—]—/)} 8 
> 41-45 = ae Wee] Bf PAY) a |) Se Be) a ee | ee hee ee ct 
F 42-45 = Bel] PB apes | aes, || Lage |) eee ee 0 
s 43-45 = Se dee aed ‘1g oie al ey Oe) ee (ee | Bee ee | ay ih 2 
& 44-45 2 
45-45 — 2 2 4 
46-45 — fl, aie 4 
47-45 = ad ee 4 
48-45 a 
49-45 — 2 2 
Totals 1 10 | 4 | 9 | 13 | 24 | 35 | 42 | 55 | 50 | 47 | 35 | 25 [285/95 | 3 | 2 | 402 


(iv) Corneal Refraction and Index of Sunken Eye. Our data for the two series are given in 
Tables CCCXCIT and CCCXCIII. The constants of these tables are the following: 


A, Band C 


Corneal Refraction: 


9 


2? 


Product Moment Correlation Coefficient: 

Correlation Ratio of Corneal Refraction on Index: 
For A, B and C 

For A and B only 


29 


Mean 
Standard Deviation 
Index of Sunken Eye: Mean 
Standard Deviation 


) 
 “CR.SEI 


"2 
0 “OR.SEI 


= :015,177, 
= 023,581, 


43-4760 D. 


1-5538 D. 


89-2773 


2-8504 


=2 
1" CR.SEI 


=2 
YCR.SEI 


r= — 0081 + -0213 


A and B only 


43-9064 D. 
1-5176 D. 


89-4894 
3°2139 
r= + -0490 + -0334 


010,978 + -003,140. 
024,631 + -007,340. 


Both the Correlation Coefficient and the Correlation Ratio are non-significant. Under these 
circumstances it was probably hardly worth while to examine the array-means, but we give them. 
A and B only 


A, BandC 
Grade of Index 
of Sunken Eye Mean Corneal Refraction 
85-05 43-290 +-206 D. 
86-05 43-627 +:135 D. 
87-45 43-663 +:129 D. 
88-45 43-588 +-116 D. 
89-45 43-524 +.-083 D. 
90-45 43-545 4-091 D. 
91-45 43-085 +-094 D. 
92-45 43-416 +-087 D. 
93-45 43-389 +.-122 D. 
94-45 43-353 +131 D. 
97-45 43-771 +-214 D, 
General Population: 43-476 +-033 D. 


Grade of Index 
of Sunken Eye 


{ 


83-12 
85-45 
86-45 
87-45 
88-45 
89-45 
90-45 
91-45 
92-45 
93-45 


95-575 


General Population: 


43-906 +-051 D. 


Mean Corneal Refraction 
43-823 +:209 D. 
44-580 +-218 D. 
43-967 +-166 D. 
43-833 +:148 D. 
43-969 +-128 D. 
44-139 4-171 D. 
43-559 +-166 D. 
43-969 +-148 D. 
43-875 +:209 D. 
43-867 +-181 D. 


43-531 +-181 D. 


Only two of the whole series of means seem to differ significantly from the general population 
values, namely the mean of the array at 91-45 for A, B, C and that at 85-45 for A and B only. 
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We do not think any stress can be laid on these deviations. The graphs (not published) do not 


suggest any orderly sequence, and we conclude that a protuberant eye is not a factor substantially 
modifying the Corneal Refraction. 


The following are the tables for this correlation. 


Table CCCXCII. Corneal Refraction and Index of Sunken Eye (A, B and C). 


Corneal Refraction in Dioptres (Central Values) 


Index of aialial/alalalalS@lRQlglialsgisia) 8 1818 g 18/813 
sunkenBye |S /S(SISIS(E (ES isliSleleislelzei2le/e lEl2) 2 
oO oD oO oD s H sH sH H sH tH tH tH HH x ~tH ss a H al al 
78-45 1 ] 2 

79-45 
80-45 1 1} — 1 1 4 

81-45 
82-45 1 1 2 
83-45 —}— 1 ] — 1 1}/—]— 5 | — 1 4 | — 4 18 
84°45 1 2 1 5 2 2 7 ] 1|— — 1 1 —|— 24 
= 85-45 —|—]— 1 1 ] ] 2;/—\j— 2 8 6 2 4 — | 6 + 2/]/— 36 
g 86-45 —|—|—|]—/ 1 1 2 6 7 7 4 9 7 7 3 5. | 6 —- —| 2 66 
a 87°45 —|—!—|]—1| 3 2 2 4 3 6 | 16) 14 | 12 5 2 4/8 ] — | — 82 
> 88-45 — | — 2 ] 5 2 8 6] 11 | 15] 18 | 17 | 19 | 22 | 16 7 7 2 — ;}— | 158 
3S 89-45 —|—!;—] 2 2 5 6 2) 13/17] 15411} 18] 18 6 10] 9 3 — |— | 132 
3 90-45 es ee ne ee ae 2 7!) 14/17 | 13 | 19 | 13 | 11 | 10 6-5 7 15 | — — |— | 124 
38 91-45 ad oe 1 2 2 4 9 8 | 15) 12 |] 16/17 | 21 9}; 10 10 | 6 3 ] — | 146 
92-45 2 | 10 1 4 3 | 10 | 13 | 15 7 6 3 74 
93-45 —;—|—|—]| 2 1/— 2 8 5 6 | 11 8 6 2 5 | 4:5 35 | — | — 64 
94-45 1 2 2 3 4 7 9} 10 6 2 46 
95-45 — 2 J 2 1 2 4 12 
96-45 —;|—}]— 2);—)]—|— 2 1 1} — —_— —|— 6 
97-45 —/|/—;/—F;—f—}—] — — 2);—/—/—]—|j— — | — — —}]— 2 
98-45 —}—F}— J] — J — } — F — F — F mM | — | — | — | KH I 2 —|— — — 2 
99-45 —}—  — | — | — | — | — | — PK J] er 2;/—]/—/]—|— —!|— — —|— 2 
Totals 1/;—j|4 7 | 20 | 21 | 50 | 48 | 89 } 95 | 120] 132| 185] 96 | 65-5 | 52 | 48 13:5 | 3 2 | 1002 


The corresponding table for A and B only is: 
Table CCCXCIIT. Corneal Refraction and Index of Sunken Eye (A and B only). 


Corneal Refraction in Dioptres (Central Values) 


eae ie sleilsisxi#{/S/a/e/s/s/8]/s/s1sis/s]4 
78-45 = 1] 1 eae) 2 
79-45 = 
80-45 = I 1 2 
81-45 = 
82-45 — i] 1 2 
83-45 si i en ee ee a eee Oe 8 
84-45 = | epee] | Be Pe ee a ee OR eee ee TO 
85-45 = a See Ty Pee emi ee | a ee ee Gee a ed ee ee 
g 86-45 _ 1 — |i 3 5 3 ] 4 4 3} 3 3 5 | —|— | 2 | 38 
4 87-45 = BP Oded ti AE |) Pe SS SF 5| 9/ 6) 2/3 ;,6/1/—|—| 48 
> 88-45 ‘s BF NS 9 Bele Be oN eee Ge I eA i ca) le © Ue a Me ee 
3 89-45 = pS ML [tase Bill ee Il 28 6.) Eh Be) eh ee] a te | oe) 86 
£ 90-45 _ —|;—}]—]| 3 6 5 6 4) — 5 | 5 4 38 
& 91-45 = |e eens a as es cae See eC a Te a a Ue 
92-45 = 1.4 | *12)),, 2 TN Ge!) 2D] 24 
93-45 = 7a ie (ee a: Ves UO eo Oe AM eS eS ea 2 ee Us 
94-45 1 se —|4 ‘| 3 1; 6| 2/—]— 18 
95-45 = ae 4 
96-45 a ee oe 4 
97-45 = 2 2 
98-45 a 2 2 
99-45 = 2 2 
Totals 1]... | 10}; 4 | 9 | 12 | 23 | 35 | 42 | 57 | 60 | 48 | 35 | 25 | 305; 95] 3 | 2 | 406 
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(f) Corneal Astigmatism and Pigmentation and Cephalic Characters. 
(i) Corneal Astigmatism and Pigmentation. 
( 


a) Eye Colour (Iris) and Corneal Astigmatism. Our data for the A, B, C and A, B only series 
are contained in Tables CCCXCIV and CCCXCV, p. 246. The constants are as follows: 


A, Band C A and B only 
Corneal Astigmatism: Mean -6192 D. ‘7687 D. 
i 3 Standard Deviation -8611 D. ‘9524 D. 
Product Moment Correlation Coefficient: r = — 0764 + -0212 r = — 1762 + -0326 


Correlation Ratio of Corneal Astigmatism on Eye (Iris) Colour: 
For A, B and C 2? o4.nc = °030,822, Woance = °006,012 + -002,334. 
For A and Bonly (4.470 = 044,376, Poasne = (014,925 + -005,769. 
Clearly the coefficients of correlation, if they. differ _ GORNEAL ASTIGMATISM & EYE _GOLOUR 
somewhat in the two series, are both significant and Aue Vee ees 
negative. The correlation ratios are also significant and || park Brown | MEDIUM [uigyTTManilcrer| BuUET Pune euuE | 
lead after correction for class-index* to: 
NCA.EC = -1806 for A, B, C, 
and = ‘2167 for A and B only. 
It will be seen at once that it is the lightest eyes 
which have the most astigmatism. The regression is 
not truly linear, although its trend might be approxi- 


mately represented by a straight line (see Diagram 
177). The array-means are provided below: 


matlism in Dioptres 
° 
—} 


1 
= 


ws 
5 
Grade of Eye Colour (Iris) Mean Corneal Astigmatism a * 
(Martin’s Scale) A, Band C A and B only Fy 

Dark Brown bok 5250 +:0694 D. 4737 +:1042 D. 8 
Medium Brown ... -5313 +-0342 D. +6429 +-0607 D. ie 
Light Brown bs -6169 +-0426 D. +8571 +-0701 D. 
Hazel ws fr 5435 +-0435 D. -6797 +-0803 D. 
Grey aah ess 5980 +-0477 D. 9107 + -0991 D. 0-0 
Blue Grey das 9844 +-0593 D. 8750 +-0991 D. 
Pure Blue re 1-0547 +-0866 D. —-:1-4250 +-1436 D. 
General Population 6192 +-0184 D. +7687 +0320 D. “h0b 


Eye Golour 


Whichever series we settle to judge from there 
cannot be a doubt that the eyes with less iris 
pigmentation have greater Corneal Astigmatism. This confirms what we have previously noted 
on the assumption that the light-eyed Jews have less racial purity than the dark-eyed, namely 
that increased astigmatism may be due to racial intermixture, or to want of fit in diverse racial 
components. The question whether astigmatism is greater in human racial hybrids than in men 
of purer race is worthy of a special study. 


Diagram 177. 


* Using class-index correlation as found for the eye colour distribution under visual acuity (footnote, p. 202), ie, 
rg = ‘9722, on the basis of a normal distribution for iris pigmentation. oo 
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Tables CCCXCIV and CCCXCV. Corneal Astigmatism and Eye (Iris) Colour. 


Corneal Astigmatism in Dioptres (Central Values) 


A, Band C A and B only 
Eye (Iris) 

Colour RiSli#lS]| &I/SIL{[Sle#lSlSlSlslsle#l/sysexislaselslelslyal] a 

a ;a!|d/] sé fo) ma a [ow | oe | w]e 1 oS S$ s/o; SIlSITAlLA lo] om |] Hi $s 

bt tf + PrP te] t] ey te} t f+] 8 fee fo +) +t] tf re} +]+t4+) 8 
Dark Brown —|—j4 23] 36 4) 3 70 || — | 4 | 10} 21} 2 1+}—;,—}]—]— 1 38 
Medium Brown | — |} 1 | 3 | 128] 124 | 15] 15 2 288 |} 1 | 3 | 29| 65) 8} 5 }|—] 1 }|—J—}] 112 
Light Brown —j| 3 | 15) 77} 725!19!] 8; 3 |—]|]—] 2 }—!] 186 }} 2 | 1 |] 21) 41) 8 | 6; 3 |}—),—j} 2 84 
Hazel 1 1|8 84) 54 | 15]; 11} 1 |]—] 1 1 1 | 178 i} —] 6 | 21} 22) 7) 7 )—-|;—j)—|1 64 
Grey —{|2),—| 72} 49 | 11] 8); 4] 1] 1 ]—]—j 1484) 2 |—] 10) 20) 2) 4)2) 1 1 |—} 42 
Blue Grey —|!—)|1 30; 40 7) 5)}9}31—/] 1}]—) 96)}—] 1] 10/22] 5|—]2)]2)—|]—| 42 
Pure Blue —|— jl 12 8 4); 2/2; 2)]1])—/—| 82}];/—]1 4} 7} 1/2] 2)] 2 1 |—| 20 
Totals 1 | 7 |18-5} 426] 383-5} 75 | 52|19|] 8 | 3 |] 4 | 1 | 998 || 5 | 16 | 105/198) 33 | 25 | 9 | 6 | 2 | 3 } 402 


(B) Corneal Astigmatism and Hair Colour. The Hair Colour data presented in Tables CCCXCVI 
and CCCXCVII show the same results as for Eye Colour, only with less intensity. The addition 
of C’s observations to those of A and B tends to blur the association. This may be due to the larger 
number of Slatey and Red Hair children which fell to C’s lot. With regard to Red Hair we believe as 
far as melanine pigment is concerned it ought to stand on the average above Light Brown. The 
position of Slatey Hair is difficult to decide, and we have suggested that it arises possibly from 
a Lithuanian intermixture. 


Tables CCCXCVI and CCCXCVII. Corneal Astigmatism and Hair Colour. 


Corneal Astigmatism in Dioptres (Central Values) 


A, BandC A and B only 
HairColor |&|/B/2)S!} & |Sl/R€/SlEISlAl/S sis lFel/Sle Sl s|slielslal sz 
. . Li nN taal =) o Oo taal nN or) oO pres} Oo Lal —) i=) i) taal nN oD on) ~H to} 
a cal A Ses a bse sei ape tape [eae eee tee Pe Fe el ae Pet | obo eee ll shee) Oe 
Slatey —|1 {1 8 7 2} 1/—!}—}]—j—{—]} 20] —} 1 }—y] 4) PJ}—}J—J—l—-j— 6 
Black —|—| 05] 14) 165] 4/—| 1/—|—|—]—]| 3¢]}—]—| 4) 7] 2[—| 1 }—};—|]—| 
V. Dark Brown | —|— | 9 } 88| 85 | 14/11}; —] 1 |—] 1 | —j 209 ||—j] 9 | 34/49] 7] 7)—]| 1 )—j|—/ 107 
Dark Brown 1} 3/1 {118| 98 | 24]14])10) 1 | 1 }—}|—J|e271 |) 2) 1 | 17) 44) 6) 2) 5 |—);—j—| 7 
Medium Brown | — | 3 | 3 |139] 115 | 20]14| 5| 4}]—j|—J| 1 | 304]) 3] 3 | 33) 57| 12/11] 2 | 3 | —|—| 124 
Red —|—|—]| 8) 4 4 TG Mee) ee i Be ee atl 76 
Light Brown | —|—!4 | 53] 57 | 10{ 8) 3| 2) 2 [3 )—/142||—| 2/17} 35) 5/ 3/1! 2)2| 31 7 
Totals 1 | 7 |18-5| 428] 382-5| 74 | 52] 19} 8 | 3 | 4 | 1 | 998]| 5 | 16|107)198| 33 | 25| 9 | 6 | 2] 3 | 404 
1 For the numbers on Fischer’s scale corresponding to the terminology see p. 201 above. 
The constants of these tables are as follows: 
A, Band C A and B only 
Corneal Astigmatism: Mean -6170 D. -7649 D. 
i be Standard Deviation °8611 D. -9353 D. 


The difficulty as to the order of pigmentation intensity with regard to Slatey and Red Hair 
rather precludes a just appreciation of the correlation coefficient. We are inclined to believe that 
there are more granules in the Slatey hairs than their macroscopic appearance would suggest. 
If we include them in the darker hair group and Red in the lighter we should have the following 
tetrachoric tables: 
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ee A, B, C Corneal Astigmatism A, B Corneal Astigmatism 
air 
0-00 and under + 0-75 and over Totals 0-00 and under | + 0:75 and over | Totals 
Dark Shades 244-5 291-5 536 68 136 204 
Light Shades 210 252 462 | 60 140 200 
Totals 454-5 543-5 998 128 276 404 
These give for the tetrachoric coefficients of correlation: 
r, = — 0025 + -0337 for A, B, C, r, = — 0587 + -0548 for A and B; 
both of these are non-significant, indicating that a crude grouping here will not aid us. Another 


and we think less legitimate scale order gave from the equations to the regression line 
Product Moment Coefficient: r = — -0558 +. -0213 for A, B and C, 
= — 1859 + -0328 for A and B, 


the lesser pigmentation being associated with the greater astigmatism. 
Next we turned to the correlation ratios. We found: 


For A, Band C 2” o4.n0 = 010,709, Posnc = 006,012 +. -002,334. 
For A and Bonly 7” o4.7¢ = ‘030,285, Posnuc = 014,851 + -005,735. 


In the former case the value of 7040 is scarcely significant; in the latter it probably just 
reaches significance. Turning to the array-means for elucidation we have: 


99 29 99 


Grade of Hair Corneal Astigmatism 


CORNEAL ASTIGMATISM & HAIR COLOUR 


Colour A, Band C A and B only 
Slatey -4125 -+--1299 D. +6250 +:2575 D. ( BSERVERS A & B ONLY) ALIEN JEWISH BOYS 
Black 5833 +-0968 D. — -8036 +-1686 D. SSS —E—E—E— EEE 
Very Dark Brown -5347 +-0402 D. 5607 +-0610 D. V.DARK BROWN | DARK | MEDIUM [urawr erown | 
Dark Brown. -6338 £-0353 D. 75004-0719 D. vO Own gio "in ee Reyes 


Medium Brown ... 
Red 
Light Brown 


General Population 


+5822 +-0333 D. 
7500 +1452 D. 
-8028 +-0487 D. 


6170 +-0184 D. 


7742 +-0567 D. 
1-0000 +-2575 D. 
1-0607 +-0754 D. 


-7649 +-0314 D. 


Here the mean for Light Brown hair differs 
significantly from that for the General Popula- 
tion in both series, the only other possibly signifi- 
cant array-mean being thatin the A, B series for 
Very Dark Brown. The fact is that the data are 
inadequate to show, having regard to the prob- 
able errors, such small differences in the Corneal 
Astigmatism as may exist. Still if we omit 
Slatey and absolute Black as probably resulting 
from racial admixture and place Red above 2-0 0 0-0 
Light Brown, we see a steady, if slight, increase 
of Cornea] Astigmatism as the Hair Colour 
lessens in intensity. This is illustrated in the 
accompanying Diagram 178 for A and B’s data, where the remaining hair shades have been 
reduced to a normal scale. The corresponding correlation coefficient is r = — -1788 +. -0332. 
Without being dogmatic we think it probable that lighter hair is associated with greater Corneal 


Corzeal Astigmatism in Diogtres 


-1°0 


Hair Colour 
Diagram 178. 
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Astigmatism, although the evidence for greater astigmatism with lighter pigmentation is more 


obvious in the colour of iris than in the colour of hair. 
(ii) Corneal Astigmatism and the Cephalic Indices. 


(z) Corneal Astigmatism and the Cephalic Index, I, = 100 B/L. Our data will be 


Tables CCCXCVITI and CCCXCIX. 


found in 


Tables CCCXCVIT and CCCXCIX. Corneal Astigmatism and the Cephalic Index, I, = 100 B/L. 
Cephalic Index (Central Values) 
A, Band C A and B only 
Corneal 4 4 
for) Laon oD w bt fon) Lagl oD 1S > for) = for) Lal ine) w | fon) Lol oD Ww) la coor) r— 
wes) i ta Ld Lad Db Lt ios) fo 3) foe) ies) wm [=>] © Lia bt Sad ~ LS wm fo 6] foe) foo) ive) for) 
— 2:25 l 1 
— 1-50 —/—;—}]—| 2 ] 1] 1 2 2 7 1 2 2 5 
— 0-75 —|—]/—] 1] 15] 2) 4] 6] 3) 1}—J/—] 185) —}—j—] 1] 1] 2] 4] 5] 2] 1/—|—] 16 
g 0-00 3] 1 41]16/35 |87]78/103|68)22)13} 1 )428 1/2/1145 | 8)22/17/19| 22/10] 1 |—} 107 
& +0°75 1] 1] 7 | 13) 47-5} 60| 78] 83/58/24] 4] 7 }383-5]] 1 | 1] 7) 8 |28)26/41| 44/24/13) 1 | 4 | 198 
> + 1-50 —|—/]—} 1] 5 | 12] 11] 24/15] 3; 3) 1) % | —|—}—)} 1] 2] 4] 4;12] 9f—[1/}—] 33 
re + 2-25 —;—|—); 1] 6 | 4/11} 14) 8] 3] 4) 1] 52 |}—}—/—!1] 4] 2] 5) 9} 1/—| 3) —] 25 
& + 3-00 1}—j;~—,;—]| 4 | 4} 2] 5) 1! 2}—/—]}] 9 | 1 }—)—!—J—) 2] 2| 2f[—] a/—j—] 9 
8 + 3-75 1{—j—/—| 2 {—[} rl 2a} a} rj—j—|] 8 4 2} 1/ 2'—\|—|—j—! 6 
+4-50 1] 1} 1/—]/—/J—|—] 3 1/ 1{—]—|—!—]. 2 
+ 5-25 1| 1 2 — 4 1 2 3 
+ 6-00 1 1 — 
Totals 6 | 2} 8 | 32] 102 |172]190| 238 |158] 56] 26/10] 1000 || 4 | 2 | 8 | 16! 46/58| 76194! 62} 26] 8 | 4 | 404 
The constants of these tables are as follows: 
A, Band C A and B only 
Corneal Astigmatism : Mean ~ 6180 D. ‘7649 D. 
» ” Standard Deviation -8606 D. -9353 D. 
Cephalic Index, 100 B/Z: Mean 82-6020 82-3658 
” % Standard Deviation 3°5284 3:5928 
Product Moment Correlation Coefficient: r=+ -0071 + -0213 r= + :0845 + -0335 
Correlation Ratio, Corneal Astigmatism on 5 
Index: CORNEAL ASTIGMATISM & GEPHALIC INDEX 100%, 
° a 


For A, Band C 9? Q4.7, = 004,179, 

4.1, = °007,000 + -002,514. 
For A and Bonly 7? ¢4.,, = 013,871, 

Fear, = 019,801 + 006,613. 


Accordingly judged by our correlation test we 
find no association whatever between Corneal 
Astigmatism and the ratio of breadth to length 
of the head. We do not think it needful to 
give the array-means, but in Diagram 179 the 
reader will find their graph for A, B and C’s 
data. We do this the more readily because such 
a graph really differs essentially from those in 
Diagrams 180 and 183, which suggest that 


Astiéreatisre ic Diogtres 


Correal 


there actually is some relationship to be un- Cepkalic Index 100 %, 
ravelled. Diagram 179. 


(OBSERVERS A,B&C) ALIEN JEWISH BOYS 


Central Values 
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(8) Corneal Astigmatism and the Cephalic Index, I, = 100 H/L. Our data for both series are 
given in Tables CD and CDI. The constants of these series are as follows: 


A, Band C A and B only 
Corneal Astigmatism: Mean ‘6177 D. -7649 D. 
me 2 Standard Deviation -8615 D. -9353 D. 
Cephalic Index, J, = 100 H/L: Mean 71-9179 72-9005 
- : rs Standard Deviation 3°1148 3:4626 
Product Moment Correlation Coefficient: r= + 0432 + 0213 r= — -0044 + -0336 


It is accordingly clear that if there be any association the regression is not linear. We now 
proceed to the correlation ratio and find: 


Tables CD and CDI. Corneal Astigmatism and Cephalic Index, I, = 100 H/L. 


Cephalic Index 100 H/Z (Central Values) 


Correlation Ratio of Corneal Astigmatism on Index: 
For A, B and C n° 041, = °021,715, Foss, = °006,012 + -002,332. 
For A and Bonly 9 ¢4.7, = :053,142, Pos1, = 017,327 + -006,192. 


We see accordingly that the association, if small (y’o47, = °1474 and -2305 respectively), is 
quite significant, although reduced and somewhat obscured as in several other instances by 
adding C’s observations to those of A and B. Both series, however, show the same feature, namely, 
that the astigmatism increases (with the rule) as we depart from the modal value of the index. 
In other words if in early times astigmatism had selective value there would be a small force 
tending to maintain the racial value of the cephalic index. Such evolutionary “forces” have 
several times been unearthed in the course of the present memoir, and suggest that we may have 
to seek at some distance from a given character the factor by the selection of which it has been 
moulded. No one, so far as we are aware, has yet suggested that acuity of vision may be a factor 
which moulds the shape of the cranium, but it appears to us.that it may well have helped in this 
direction, and that we must not seek necessarily for direct selection of any character in an 


EUGENICS II1, II & IV 32 


A, Band C A and B only 
Corneal pi 4 
Astigmatism | 19 [19 |19 [19 | 19 Yet © [19 [19 | 19 {OB 119 [19 $s 0 122 1 (29 120 [2 [29 [20 [2 [2 12 J f2@ | 
in Dioptres | @ | 2 |S || e S @alSBlalSAlSAalala g SPISISAlLSI/S/SlLSLH/SISlS/Sla] gs 
SisiSiS8l/S/) S |RE/RISIE|LI/SI/B SiISIS/SIS/SIFIFIRIE/L |S /B 

2°25 1 1 — 
—1-50 —|}—)|—}|-—|— 2 — | 2} 3};—/|—J]J—}]— 7 —|/—}]—}/—{/—/—}]—]} 2] 3)/—)/—}—J]— 5 
—0°75 —|/—|]1;);—} 2 2-5 5} 5] 1} 2);—~—}]—|]—]| 185]; —]—] b}—] 1] 2) 5) 4] 1} 2);—);~—]}—] 16 
0-00 1 | 2] 2 | 13} 46 | 100 119 | 90 | 35) 19] 1 | —}—} 428 T{}—/] 1) 1] 8{10;23)/32)16) 14) t ;—}—{ 107 
+0-75 1 |/—] 6/13) 36] 99-5] 92] 73 | 34] 25| 2 | —|—| 381-5]; 1 |—J| 1 | 5 | 10| 46 | 49; 40] 24] 20) 2 | —|—| 198 
+1-50 —|]—;}—] 1/11] 17 19/12} 8] 4) 1 |—! 2] 75 —|—|—|1 4} 3) 7] 9} 2] 4] 1 |~-|] 2] 38 
+2-25 —|—]} 1 1} 9} 10 8/12} 8} 2) 1|}—|—} 52 —;—]1)1 5] 3) 5] 2] 5] 2} L |~—)—| 25 
+3-00 —;—|—] 3] 2 1 4} 6;—] 2; 1}/—]—j 19 —|{—}]—|/ 8}]—}/—;—] 38}~—] 2; 1 y—]— 9 
+3-75 —}—}]—; ly 1) — 1; 2} 1] 2}/—};/—j— 8 —/|—!—)1 1T}—) L}J—] 1] 2}—J—}— 6 
+450 — — 2 — |—}] Lj—|/—j;—]— 3 —/—}—;—}] 1J/—}—J—} 1J/—J}/—}—] — 2 
+5:25 — 1 —}—| 1} 2);—;/—J/— 4 —|—)i—]—}—J]—j;—jm—] fy 2y—-}—]— 3 
+600 —}|—|—}—|— 1 — |—|—}—|]—]}]—-—|— 1 —|—}—F}—}— | — | — | — | — J — | ee] er] 
Totals 2} 2 | 10] 32 j110| 234 | 248 |202) 92 | 58] 6 | —]| 2 | 998 2 |—| 4 | 12] 30} 64 | 90 | 92 | 54] 48) 6 |—] 2 | 404 
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organism. Its evolutionary value may lie indirectly in the manner in which it assists or impedes 


some much more important sensory or physio- CORNEAL ASTIGMATISM & CEPHALIG INDEX 100% 
logical process ALIEN JEWISH BOYS 


Diagram 180 shows the nature of the regres- 
sion. The array-means are as follows: 


A, Band C 
Grade of Index, 
100 A/L Mean Corneal Astigmatism 
65-08 *7174 +0857 D. 
67-95 “7841 +-0554 D. 3 
69-95 -5321 +:-0380 D. 7 
71-95 5141 +-0369 D. a 
73:95 -5362 +-0409 D. 
75-95 -6929 +-0606 D. & 
77-95 -8214 +-0763 D. g 
80-95 1-4063 +-2054 D. @ 
e 
General Population: 8615 +-0184 D. Re 
a 
A and B only 2 
Grade of Index, E 
100 A/L Mean Corneal Astigmatism ° 
64-84 1-2917 +-1487 D. 
67-95 1-0750 +-1152 D. 
69-95 6914 +-0789 D. 
71-95 +6500 +-0665 D. 
73:95 5543 +-0658 D. 
75-95 +7500 +-0859 D. 
77-95 1-0000 +-0911 D. 
80-95 1-4063 +-2230 D. 
General Population: 7649 +-0314 D. Cephalic Index 100% 


Diagram 180. 
The array-means present not only a number of significant differences, but what is more important 
a fairly orderly sequence. 


(y) Corneal Astigmatism and the Cephalic Index, I, = 100 H/B. Our data for both series are 
given in Tables CDITI and CDITI. The constants of these tables are as follows: 


A, Band C A and B only 
Corneal Astigmatism: Mean -6168 D. -7610 D. 
iy Sy Standard Deviation -8601 D. -9481 D. 
Cephalic Index, 100 H/B: Mean 87-1755 88-6755 
ne Standard Deviation 3°9356 4-6064 
Product Moment Correlation Coefficient: ry = — 0297 + 0213, r= + -0125 + -0333 


This indicates that the association if significant is not linear. 

Correlation Ratio of Corneal Astigmatism on Index, 100 H/B: 
For A, B and C 064.1, = (016,235, oa1, = 006,986 + -002,510. 
For A and Bonly = 9¢47, = :034,289, Wor, = 019,608 + -006,548. 


Both correlation ratios are significant, if small, leading to y’¢4.;, = *1274 and -1852 respectively. 
The graphs while indicating that the minimum astigmatism is reached at the modal value of the 
index are not so clear cut as in the case of the Index 100 H/Z, and suggest vaguely a quartic 


Central Values 
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rather than a parabolic distribution. Diagram CORNEAL ASTIGMATISM & CEPHALIG INDEX 100'/, 


181 shows the results for A, B and C’s data, (OBSERVERS A,B& 6) ALIEN JEWISH BOYS 
where the array-means are: 


Grade of Index, 100 H/B Mean Corneal Astigmatism 3 2-0 
79-59 -6307 D. © 
81-95 -6733 D. a 
83-95 -6781 D. s 
85-95 -5413 D. ie 1-0 
87-95 -4361 D. ¥ eel 
89-95 -7500 D. 4 OE Care eae 
91-95 7159 D. a | 
95-89 -7179 D. 3 0-0 
General Population: -6168 D. 3 
. S 
We conclude from our results that while the § 
ratio of breadth to length of head has practi- © ~1° 
cally no influence on Corneal Astigmatism, 80-0 85-0 90-0 95°0 
that of height to either length or breadth does Cephalic Iedex 100'%, 
exercise a significant if small influence. Diagram 181. 


Tables CDII and CDIII. Corneal Astigmatism and Cephalic Index, I; = 100 H/B. 
Cephalic Index, 100 H/B (Central Values) 


A and B onl 
Corneal A, Band C 4 y 3 
‘nboprs (2/8 /2/8/8/8|8|/ 2 8]elels/s| & fels/e/e/2is 18/88 /ss/8]s 
EIR | lo/S1 B/S) Si SISl/SlSls R|P/S/SlslS/Sl/S/SlSlSlS] 
— 2:25 —j};—}]—!]—} 1] —}J—|/— |—J—J}/—J/—-—}]— se ee i ee ee ee 
—1:50 —|]—|]—|—] 3 38};—}— |—]—}]—]1l)i— 7 —|—|{—]}] 2] 2;/—};—]—}]—J]J—11}]— 5 
—0°75 —|—] 2] 1] 1 5| 3] 25} 3)/—}—]1]—]| 185]/—] 1 1] I] 4] 3} 2) 3}—]—] 1/—| 16 
0-00 —]| 1/15/35/60]110|95|57 | 35/13} 1 | 3] 5 | 430 1/6] 4] 5115] 21/22/19} 9} 1} 1} 5 | 109 
+0-75 2 | 2/|15|33)52] 97]55|59-5/}33|21] 5 | 4 | 5 | 383-5 || 2 | 6 | 10) 27) 36) 19 | 40| 25] 21) 5 | 4 | 5 | 200 
+1-50 —|—] 1]12) 13) 17] 12110 6| 2;—|]—] 2] 75 —|—| 4] 4] 5] 5] 9) 2} 2}/—j|-—-[ 2 | 33 
+2-25 —| 1 51} 5] 9] 10} 5] 9 5} 2}—] 1 }—]| 52 1/3] 3] 2] 1] 2; 5) 5) 2}—)j 1 |{—] 25 
+3:00 |—/|—|]—] 2} 2] 4] 1] 3 | 5] 2}/—/—]—] 19 }i—!—] 2] 1J/—]—] 1] 3] 2)—J]—/—] 9 
43-75 |—;/—}]—]—] 2} 21] 1) 2 |—}/—}]—]—|]2] 8 |/—}—j—} 1] 1/—] 2/—/—/|—|]—] 2) 6 
+4:50 | ee ieee DR] cee ede phe ieee ge ee 3 Sl be pe See | efi a || 2 
+525 |—}—}/—}]—] 1) —/i—] 2 | 1J]—]—/]—]—]| 4 }}/—/|—J]—J]—/]~—]—] 2] 1]/-—|-—|]—|-] 3 
+6-00 —}—|/—}]—]— I 1 — af ed a 
Totals 2 | 4 | 38 | 88 |146| 248 |172| 146 | 88| 40} 6 | 10} 14 | 1002 4 | 16| 24 | 44 | 64 | 50 | 84 | 58) 36] 6 | 8 | 14 | 408 


(iii) Corneal Astigmatism and Interpupillary Index. The data are provided in Tables CDIV 
and CDV. 
The constants of these tables are as follows: 


A, Band C A and B only 
Corneal Astigmatism: Mean ‘6070 D. -7593 D. 
- > Standard Deviation -8387 D. -9235 D. 
Interpupillary Index: Mean 39-8253 39-0520 
” m Standard Deviation 2-1835 2-3195 
Product Moment Correlation Coefficient: r= + 0297 + -0215 y= + 1045 + -0333 


Thus the correlation, if linear, is small and seems to be obscured by adding C’s observations 
to A and B’s. 


32-2 
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For A, B and C 
For A and B only 


Tables CDIV and CDV. Corneal Astigmatism and Interpupillary Index. 


PROBLEM OF ALIEN IMMIGRATION 


Correlation Ratio of Corneal Astigmatism on Interpupillary Index: 


iP 
“CA Ipl 


1 = 
 “CAIpl 


-008,728, 
-051,139, 


=2 = 
NY CAIpl 


=o = 
NN CAIpl = 


009,128 + 


rT 


002,889. 


032,338 + -008,407. 


Corneal Astigmatism in Dioptres (Central Values) 


A, Band C A and B only 
Inter- 2 A 
pupillary] @|ele|/esie|elexisielelsisifieielisieie|/sisle;sialé 
Index |a}/ S/S )/5/]/ 5 |S lajaealalael unl] s! & ald |S [S/S lalala | ae] so | 
| | | A ete) cee ee habe heck [ios dese 1 yd r+} +} 4 ae 
34-45 | —|— [1 3| 2 6]/—i 1] 1) 2 4 
3545 | —|—] 1 4 | 15 20 || — | 1] 2/11 14 
36-45 | —|— {2 | 23 | 22 5 52 || — | 2 | 12} 21) 5 40 
37-45 | — | 2 |2 | 44 | 45 3/ 5/1 /—}]—|—]|—] 102] 2 | 2 | 26] 32!) 2) 5} 1/)/—};—]— |] 70 
38-45 | — | 1 | 65| 62 | 845) 15) 9] 4] —|—]| 2 | —] 184] 1 | 6 | 24/45) 6 | 6 | 4 | —]}]—| 2 | 94 
§ | 39-45 1]|1/1 |75]59 | 16/10! 4] 4 ]7 |—}|]—J/172}/—} 1/19} 36) 8 | 5] 143 4) 1 | —4 74 
&| 4045 }—|) 1/3 | 87/53 | 15} 19| 1} 1 }—] 1 | 1 | 1s2]/—] 1} 12]/ 22) 9} 7)/—}|—|—) 1 | 82 
> | 41-45 | —|—1|1 | 52 | 45 9} 4/—|2]1)/—|/—)/i4]}—} 1] 2]}/10}/ 1!}1;);—] 2] 1 | —/] 18 
a | 42-45 | — | — | — | 37 | 27 6} ok pee aT] es a Mh ee | 10 
= 43-45 | —|—|1 | 26] 15 3/ 1) 4/—]—]—]—] 5s0]/—] 1 4! 4] 1 2 12 
&| 4445 | —|—|—]| 7] 1 2 10 
4545 |—|—|—]| 1] 7 8i/—}—] 1] 3 4 
46-45 |—|—|—]| 38] 2 1 6|}/—|—| 1] 2 1 4 
47-45 |—}—]|—/} 2] 2 4]/—]|—| 2] 2 4 
48-45 
49-45 | —|—]!]—] 1] 1 | el ee 2 
Totals 1 | 5 |18-5} 427 /380-5| 72 | 50! 18 | 7 | 2] 4 | 1 | 986 |) 3 | 16|109] 198} 33} 25) 8 | 5 | 2 | 3 | 402 


The A, B and C series gives no significant association; the A and B only gives a relation of very 
and its probable error. 

On the other hand for the A and B series only the array-means show a fairly uniform rise in 
the Corneal Astigmatism with increasing index until we come to the last array at 45-30, where 
there is a rapid fall. Accordingly we should have a small evolutionary force tending to bring the 
pupils closer together—assuming that Corneal Astigmatism i in the early development of man was 


doubtful significance, having regard to the value of 7? 


a real disadvantage. The array-means are as follows: 


Grade of Interpupillary 
Index (A, B and C) 


Mean Corneal Astigmatism 


35-22 4327 D. +:1109 
36-45 °4327 D. +:0784 
37:45 ‘4779 D. +-0560 
38-45 -6644 D. +--0417 
39-45 *6759 D. +0431 
40-45 +6593 D. +:0419 
41-45 +5921 D. +:0530 
42-45 ‘5777 D. +:0658 
43°45 ‘5833 D. +:0800 
45°85 -6000 D. +:1033 
General Population: ‘6070 D. +:0180 


Grade of Interpupillary 


Index (A and B only) Mean 


Corneal Astigmatism 


35-23 -4583 D. +-1468 
36°45 -5438 D. +-0985 
37-45 +5250 D. +-0745 
38°45 -7739 D. +-0642 
39-45 +9223 D. +-0724 
40-45 9663 D. +--0864 
41-81 1-0446 D. +-1177 
45-30 -6923 D, +1222 
General Population: -7593 D. +-0311 


Gorresl Askifmatism in Diogtres 


Ieierpupillary Index 


Diagram 182. 


ALIEN JEWISH BOYS 


CORNEAL ASTIGMATISM & TNTERPUPTLLARY INDEX 
(OBSERVERS A & BONLY ) 


While the probable errors are too great to stress heavily the differentiation of any individual 
mean, the general run of the means especially in the second series does seem to indicate that 
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relatively great distance of the pupils apart does increase the Corneal Astigmatism. This is 
illustrated in Diagram 182 which gives the A and B only series fitted with a cubic. 


(iv) Corneal Astigmatism and Index of Sunken Eye. The data for our two series are given in 
Tables CDVI and CDVII below. The constants of these tables are as follows: 


A, BandC A and B only 
Corneal Astigmatism: Mean -6160 D. -7592 D. 
fe - Standard Deviation -8597 D. -9343 D. 
Index of Sunken Eye: Mean 89-1227 89-4894 
5 s Standard Deviation 2-8504. 3°2139 
Product Moment Correlation Coefficient: r = — 0142 + -0213 r = — ‘1139 + -0330 


The correlation coefficient if significant on the shorter series is not so on the longer series, and 
the array-means indicate non-linear regression. 
Correlation Ratio of Corneal Astigmatism on Index: 
For A, B and C 2? c4.sur = 033,674, Pesser = °009,980 + -002,996. 
For A and Bonly 7? 4.447 = *046,240, Posse = °024,631 + -007,340. 
In both cases the correlation ratios are significant and we have 7’¢4.90; = *1835 and :2150 
respectively. The means of the arrays indicate that the regression is of a parabolic type—indi- 
viduals with values of the index near the mode having least astigmatism. 


Grade of Index Grade of Index 
of Sunken Eye Mean Corneal of Sunken Eye Mean Corneal 
(A, B and C) Astigmatism (A and B only) Astigmatism 
82-53 1-0385 D. 83-12 1-2500 D. 
85-05 -6750 D. 85-45 -9205 D. 
86-45 -7159 D. 86-45 -8487 D. 
87-45 -6951 D. 87-45 9219 D. 
88-45 -4984 D. 88-45 ‘6914 D. 
89-45 -5966 D. 89-45 -8750 D. 
90-45 4234 D. 90-45 4539 D. 
91-45 -6730 D. 91-45 -5938 D. 
92-45 -5676 D. 92-45 4375 D. 
93-45 -4219 D. 93-45 -6563 D. 
95-14 ‘97.0 D. 95-58 8906 D. 
General Population: -6160 D. General Population: 7592 D. 


Tables CDVI and CDVII. Corneal Astigmatism and Index of Sunken Eye. 


Corneal Astigmatism in Dioptres (Central Values) 


Central Values 


Observers A, B and C Observers A and B only 
Index of : 2 4 
Suken | Rig ik |/S|/eXlsjalisjelslaelslsiglels/elsijslsjels;s]s 
Eye [a |a|s |e ~lajeajale/si/s/ae f2l/sjs/slalajalalsl/sia 
I yo Po) Sd | a ey se | epee pte el ae | | Se eal (alae eae (oe oll Ries 

78-45 2 2 2 2 
79:45 

80-45 | —}|—|]—} 2] 2 4]/—]—] 1] 1 2 
81-45 

8245 |—;—}—] 1) 1 2y}—}—] 1] 2 2 
83-45 Se jod 3] 10 2 2 18 |} —) 1 1 4 2 8 
84-45 —-|—-—|— 7 | 14 — 1) 2}/—{—]|—j—- 24 |} — |} — I 6;—j; lL 2/|—/—|—/] 10 
85-45 —| 142 15 | 12 2 2;—/1 rt {—]— 36 || — | 2 6 8 | 2 2}/—; 1 1 | —j}; 22 
86-45 — | 2 | 2 24 | 25 5 4 3 1 66 2 2,13; ll] 2 4/—; 3 |— J] 1 | 38 
87-45 —|—|1 30 | 37 8 1| 4 1)]—;}—]— 82 ||} — |; 1 | ll | 24] 6 I 4 I | — | — | 48 
88-45 —|—|3 76 | 63 7 8 1 158 || — |; 2 | 14 | 40] 3 5 | —|—|—|]— | 64 
89-45 —|—|2 65 | 46 7 8} 1 1 1|—] 1 132 || — | 1 |; 10; 18 | 2 2 1 1 1 | — | 36 
90-45 — } 1 | 2-5) 64 | 44-5] 8 2; 2;—);—]—j—} 124 I 2) 14/17) 2 2/—/|—]—)]—/ 38 
9145 |—| 2/1 | 63) 47 | 16/11) 6 |—|]—j;—)—J/ 146] 2] 1 | 15/21!) 6] 2) 1)/—)—]—) 48 
92-45 | —|—/1 | 35 | 27 5/| 5 1 74 |} — | 1) 11/10] 1/1 /—]—J]—]—! 24 
93-45 1 1/3 26 | 26 4 2) 1} —j—}—]— 64 || — | 3 7| 17) 2 2 1 | —/]— | —]| 32 
94-45 | — | — | — | 10 | 20 6| 5); 3),12 ;,1/—|]—] 46]/—|]—] 2] 12] 2] 2)]—|]—j—]|—] 18 
95-45 —|—-—|— 6 4 2 12 ||} —; — 1 3 4 
96-45 ;—|—|—| 2) 4 |—j/—;—]—]—!;—]~—] 6 4 4 
97-45 | —}—]—] 1] 1 2);—}|—] 1] 1 2 
98-45 ] ] 2))/—}]—!]—]—; 1 1 }—,;—|]|—/— 2 
99-45 —}—-]-—|l— 1 1 2\])/—|—) — 1 1 - 2 
Totals 1 7 | 18-5] 430 | 384-5; 74 | 52 | 19] 8 3 4 1 | 1002]; 5 | 16 | 109/199) 32 | 25] 9 6 2 3 | 406 
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Diagram 183 shows the nature of the 
regression lines which have been fitted 
with second order parabolae. It is clear 
that very protuberant or very receding 
eyes are both likely to have excess of 
Corneal Astigmatism. The equations to 
the two parabolae are: 


For A, B and C: 
CA = -55592 — -00558 (J — 89-45) 
+- 00745 (I — 89-45)?. 
For A and B only: 
CA = -61922 — -034747 (I — 89-45) 
+ -006374 (I — 89-45)2. 
Generally we hold that there is as- 
sociation between Corneal Astigmatism 
and both pigmentation and cephalic 
characters, but that our data do not 
bring it out so emphatically as a better 
selection of measurements might do. 
(g) Distance of Near Point in relation 
to Pigmentation and Cephalic Characters. 
(i) Distance of Near Point and Pig- 


mentation. (a) Hye (Iris) Colour. Our 
data will be found in Table CDVIII. 


Gorneal Astigmatism ia Diopires 


CORNEAL ASTIGMATISM &% INDEX OF SUNKEN EYE 
: ALIEN JEWISH BOYS 


86-0 


880 


90°0 
Tedex of Bunker Eye 


Diagram 183. 


Table CDVIII. Distance of Near Point and Eye (Iris) Colour. 


Distance of Near Point in mm. (Central Values) 


92-0 


94-0 


96:0 


nN 

3 

Iris Colour (8 /S/3/@/8/8) 8 (& [8 |S (8/8 /8\8 181218181818 1313/3 (BSS iS iS iS 1212): |R| s 
Dark Brown |—/—!—/—/—/} 1/3 | 6 | 2 | 8 | 5] 5lal] 5) 3) 4) 1 2 os 56 
Medium Brown | — | — | —|—| 3 | 4 |12-5]/19-5]15 |23 |29\39/26)17)14|9|10/4/4/2/1)3 ]1]| 2 ae 
Light Brown j|—/—|—-] 1] 1]3]1 | 6 | 9 Jj19 |10/16| 6J/11} 816!) 1) 4]3]7/7]1 He 
Hazel 1{—-;—| 1} 1]1] 3 | 5 | 7-5)145}13}16}11113| 6|5| 8} 4) 6)7)3}/3]1)1 1 ir 
Grey —{!—|2;—!—]3] 2 | 2 \at Ji7 |13]14)13/15| 9} 5} 3)3}1]1]3/—}3}]—J—]1]—]} 1} 1} 1f— oer 
Blue Grey 1 3 113 | 5 | 4 | 8} 8i16] 3] 2)3] 4)2]/—j)1)2 1 — ; 
Pure Blue —/|—/—/—}1)1/— |— | 2 ] 3 | 4) 2} 3)1]) 113] 1/1 1 a 2 
Totals 1 |—] 2] 2 | 7] 13} 24-5 | 51-5 | 51-5 | 88-5 | 82 |100] 86 | 65 | 43 | 35|28)18/14]21/16) 7,5] 4)/—] b}]—]| 1) 1] 1j— 1 | 770 


The constants of this distribution are as follows: 


Near Point Distance: Mean 93-1753 mm., Standard Deviation 20-2101 mm. 
Correlation Ratio of Near Point Distance on Iris Colour: 


7? ypc = '021,727, 


yp.zc = 007,792 + -003,019. 


Accordingly we see that Distance of the Near Point is significantly associated with eye colour, 
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although with no great intensity, ie. 7’ypuc = *1474. Diagram 184 indicates the nature of the 
regression curve, it is one of the “basin” type 


with which we are now growing familiar, where 
a value about the middle of the range gives 
a maximum or minimum of the character. We 
have already suggested the importance of such 
curves for the study of evolutionary factors. 
The array-means obtained are here given: 


POSITION OF NEAR POINT & EYE COLOUR 
ALIEN JEWISH BOVS 


Grade of Eye (Iris) Colour Mean Distance of Near Point 


Positiorz of Near Point in NIN. 


Dark Brown 36 89-554 +1-823 mm. 
Medium Brown ... 90-515 40-884 mm. 
Light Brown eve 94-917 +1-244 mm. 
Hazel ses ae 97-860 +1-187 mm. 
Grey ave eae 95-202 +.1-224 mm. 
Blue Grey ee 90-329 +.1-564 mm. 
Pure Blue can 92-083 +2-783 mm. 
General Population 93-17534-.4913 mm. 


The rise of the Near Point Distance with the 
Hazel irides appears significant, but the vari- 
ability in Near Point Distance is so large that Eye Golour 
we cannot deduce accurately on our numbers Perea Ses: 
the regression curve. We have fitted it with a parabola only. 

While dealing with Near Point Distance it occurred to us that it might be worth while testing 
whether Accommodation gave a similar result. A table was accordingly formed for Accommo- 
dation and Eye Colour. Its constants were found to be as follows: 


Accommodation: Mean 11-1391 D., Standard Deviation 2-3441 D. 
Correlation Ratio of Accommodation on Eye Colour: 


7” 4ec.nc == *040,451, PF tce.uc = *008,596 + -003,342. 

The association is accordingly significant (9 4oc.z¢ = 2016). 

When the array-means were determined, however, a singular state of affairs came to light. The 
accommodation fell steadily and uniformly from the very dark brown eyes to the greys, in other 
words the Accommodation lessened as the pigment lessened, but there then occurred an abrupt 
rise with the absence of anterior pigment in the blue eyes. It is not easy to ascertain whether this 
is a result purely of pigment variation, or whether the blue eyes mark the admixture of a race 


with a greater accommodation. The determination of similar curves for light-eyed races would be 
of much interest. 


Table CDIX. Accommodation and Eye Colour. 


Accommodation in Dioptres (Sub-ranges) 


; elylelelslelelslsi/slei=[slelsl[sl/e[s]a 
Eye (Iris) Colour All ab [odd | a Wake a abe’ BY a aa of + id } ae 2 db 3 Totals 
Dark Brown 1 1] 4]}15| 8] 6] 4] 6); 34) 2)/—)—;/—|— 50 
Medium Brown —j;j—/|1 1 6 | 6] 16 | 23 | 38 | 49 | 23 | 22 | 18] 6 2 1|}/—/;—|— 212 
Light Brown —|—|— | 3 3 8 8 | 20] 12; 17) 16] 14 3} 2 I ] 1;—]1 110 
Hazel —|{—|—|]—| 2 | 10] 15 | 16 | 21 | 27} 19 8 2) 2 2/—/;/—{—]— 124 
Grey 1 1/]—j4 6 1 8} 11 | 28] 19 | 13 | 14 1 I 108 
Blue Grey —|—|;~—s—]1 3} 5] 2/13)15} 6/11} 8] 6}— |] 1} 1 }—]— 72 
Pure Blue 3 6] 3 1 4 2 1 1 I 22 
Totals 1 1 1 8 | 18 | 29 | 56 | 82 | 130] 136] 87 | 75 | 39) 19 | 9 3 3 }/—]1 698 
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ACCOMMODATION _& EYE COLOUR 


Diagram 185 gives the graph of Accommoda- 
tion on Eye Colour. We have not attempted to 
fit with a curve, as the regression is purely 
linear up to cessation of anterior pigment. We 
have little doubt that other interesting facts 


might be discovered by correlating Accommoda- 
tion with other anthropometric characters, but 
this section of our present memoir has already 
much exceeded its projected length, and the 


topic cannot be discussed further now. 
The array-means are: 


Grade of Kye (Iris) Colour 


Dark Brown 
Medium Brown ... 
Light Brown 
Hazel 

Grey ‘a 

Blue Grey 

Pure Blue 


11-9300 +:2236 D. 
11-2708 +-1086 D. 
10-9682 +-1507 D. 
10-7323 +-1420 D. 
10-5241 +-1521 D. 
12-0056 +-1863 D. 
11-4045 +:3371 D. 


General Population 


11-1391 +-0598 D. 


Mean Accommodation 


Accommodation in Diortres 


ALIEN _ JEWISH BOYS 


Eye Golour 
Diagram 185. 


LIGHT: BLUE 
fsmngrazes]anen | Ba | 


Or 


0 


PURE BLUE 


(ib) Distance of Near Point and Hair Colour. Our data are given in Table CDX. The constants 


are as follows: 
Near Point Distance: Mean 93-1706 mm., Standard Deviation 20-2348 mm. 


Correlation Ratio of Near Point Distance on Hair Colour: 


i anaes = ‘019,527, NPC = -007,812 aa 003,028. 
n' vp. = '1397 is accordingly, if small, significant. 
Table CDX. Near Point Distance and Hair Colour. 
Near Point Distance in mm. (Central Values) 
BA 
Hair Colour [8 /9/2/8/8/8| 8 |e | 218 |8\s\8\8/3 (2/3 (8/8/8318 /8/8/2/8/2/s/8/8| [8] z 
bm Shee es Sl Nes | Pe ea |e i (Bs! 
Black —j—|—|—|—}—| 2 ] 1 5 2;—\—| 5 3) 2) 1} 1) 1) 2}—} 1 |—J—j—)—}—}— |] — —! 28 
V. Dark Brown |-—-|—|—|]—| 2 | 3 | 6 18 6 118 [11)19!19]}11 7| 1}/6)]/1}/4/3)2) 21 — 142 
Dark Brown —)—J]—] 1] 1) 5] 45 )13-5) 9 |20 | 24) 32] 29] 20 5! 6] 4]3]2]2)]2 (;— 200 
Medium Brown | 1 |—/|—]1/|2[3]7 11 | 16-5 | 26-5 | 28 | 28 | 25 | 22 16,15) 4) 4!816!12)3 1 | 248 
Light Brown —j—;2}]—]2)115 8 115 |16 |15)16|] 9} 4 4{| 4/2/3/6)3)1)\— Ly] 1 124 
Slatey - 3 2 j—; 1) 4) 1 1) 1 1 I —| 16 
Red -- I I 1 2| 3 1 1 10 
7 1}/—| 2 | 2] 7 | 13) 24-5) 51-5 | 51-5 | 88-5 | 82 | 99 | 86 | 64 35|28/18|)14/21)16) 7)5)}4);—j|1]/—]| 1] 1] 1 1 | 768 


We meet with the same difficulty as we have previously noted about the proper positions for 
Slatey and Red Hairs. The influence of Slatey Hair on the Near Point would certainly place it 
near the darkest rather than the lightest hairs, but our numbers for both these hair shades are 
sadly too few. We have more or less to content ourselves with the array-means, without putting 
the hair shades into an order which would be necessary for a normal scale. 
Grade of Hair Colour 


Slatey 
Black 


Very Dark Brown 


Dark Brown 


Medium Brown ms 


Red aes 
Light Brown 


102-8125 +3-2169 
100-0000 + 2-5793 
90-7042 +1-1453 
91-6375 + -9650 
95-5141 4+ +8667 
88-0000 +4-3159 
91-4113 11-2256 


General Population 


93-1706 + -4925 


Mean Near Point Distance 


Central Values 
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These array-means have probable errors which suggest that Slatey, Black and Medium Brown 
have Near Point Distances differentiated from the General Population value, but it is not easy to 
trace any definite sequence in the somewhat slender association of Near Point Distance and Hair 
Colour with these large probable errors; that association is probably only a secondary relation 
arising from the correlation of Hair and Iris pigmentations and so linked with racial differences. 

(ii) Distance of Near Point and Cephalic Indices. 

(z) Distance of Near Point and Cephalic Index, I, = 100 B/L. Our data are given in Table CDXI. 
The constants of this table are as follows: 

Distance of Near Point: Mean 93-2702 mm., Standard Deviation 20-2171 mm. 
Cephalic Index, 100 B/L: ,, 82-6080 mm., - - 3:5792 mm. 

Product Moment Correlation Coefficient: POSITION OF NEAR POINT & GEPHALIG INDEX 100% 

r= + 0161 + -0244. ALIEN JEWISH BOYS 

Correlation Ratio of Near Point Distance on 
Index: 
np, = 021,849, #yp.7, = -014,360 + 004.096. 

Neither correlation coefficient nor correlation 
ratio can be treated as significant. The array- 
means are very irregular. 


Grade of Cephalic Index, 


Posilior of Near Point in MM. 


100 B/L Mean Near Point Distance 

72-75 91-500 +4-312 mm. 

75-95 92-794 +.2-338 mm. 

77-95 96-155 +1-544 mm. 

79-95 93-462 +1-196 mm. 

81-95 91-180 41-136 mm. 

83-95 97-647 +1-046 mm. 

85-95 93-042 +1-245 mm. 

87-95 90-200 + 1-929 mm. . 

90-35 90-833 +2-400 mm. Cephalic Index 100%, 

General Population: 93-270 + -4930 mm. Diagram 186. 


Table CDXI. Near Point Distance and Cephalic Index, I, = 100 B/L. 


Near Point Distance in mm. (Central Values) 


Index, OOB/L|S/SISIBiP BIS) Sl, S| RIS SiISlSlSlSiSl\elSiBZiSlSiSiBZysi/sS sleleisZ 3|z 
Foes ee en A tan Oe el mil ed — Le OE i ce ee ee te m4 | ot Ol fo) 

_ _ ia 

69-95 1) 1 2 
71-95 — 2 - 2 
73-95 - 2 1 3 6 
75-95 1 1 2 3 6} 5} 5) 4] 1] 4 1 1 34 
77-95 1/—|—]1]2!—|3 6 4 9 5|12| 6| 7] 6|10} 2{/—|—| 2 | 2 78 
79-95 4-5) 7:5) 14-5/16-5/19/11/17] 6] 8| 4] 4/4/2)5]/3)1)2]1 130 
81-95 —|j—|—/|1)2)4/6 9 {11 |20 | 238/14/13]12| 5] 5) 3)3),5)—|3)1)1 ] 1 1 | 144 
83-95 —|—|2}]—|1)2)4 6 {10 | 15 | 15)22)22)15/10] 6)12; 6) 5) 4)4)2)2)3);—|;—j—) 1) 1)— —/170 
85-95 —|—|—}— ; 1| 2) 6 12 5 [il 5)25)13|/10) 7) 5) 38) 2)1)6)4) 2 —_ 120 
87-95 3 7 3 5 71 6] 6) 2) 2) 1] 3) 1) 1) 2 I 50 
89-95 —|—|—J]J—! 1] 2 }|— ] 2 2 1| 4) 4) 5) 1 | - 24 
91-95 1 1 2 | 1 6 
Totals 1 |—] 2) 2 | 7 | 13} 24-5 | 49-5 | 51-5 | 86-5 | 82 {100 86 | 65 | 43.135) 28/18114121)16; 7) 5) 4}/—} 1 }—| 1,1) 14}..] 1) 766 


Only a single array-mean can be considered as significantly differentiated from the population 
mean, i.e. the high value for the array at index 83-95. But this mean does not fit into any orderly 
sequence of means (see Diagram 186) and in this as in several other cases we cannot assert that 
the ocular character is associated with the first cephalic index. 


EUGENICS III, 11] & IV 33 


Central Values 


258 PROBLEM OF ALIEN IMMIGRATION 


(8) Distance of Near Point and Cephalic Index, I, =100 H/L. The matter is different when 
we turn to the cephalic indices involving auricular height and this is in accordance with what we 
have previously found with regard to them. Table CDXIT gives our data for the Cephalic Index, 
100 H/L. In this case Diagram 187 indicates that we again get a more or less parabolic form of the 
regression curve. For constants we find: 


Near Point Distance: Mean 93-2702 mm., Standard Deviation 20-2171 mm. 
Cephalic Index, 100 H/Z: ,, 71-6628 mm., Fe 53 2-9816 mm. 
Product Moment Correlation Coefficient: r = — -0806 + -0202. 
Correlation Ratio of Near Point Distance on Cephalic Index: 

7? vp.7, = (028,777, Wwp.r, = 013,055 + -003,877. 


Thus the association is significant and the value of »'y,), (= :1696) shows that it is skew. 
The array-means are as follows: 


Grade of Cephalic Index, 


POSITION OF NEAR POINT & GEPHALIG INDEX 100'/, 


100 A/L Mean Distance of Near Point 
63-09 90-536 +3-644 mm. ALIEN JEWISH Boys 
65-95 94-808 +2-674 mm. 
67-95 91-616 +1-506 mm. 
69-95 97-926 + -994 mm. 
71:95 92-712 + -936 mm. 
73-95 93-219 +1-129 mm. 
75-95 86-172 +1°705 mm. 
78:30 88-971 +2-339 mm. 
General Population: 93-270 + -489 mm. 


Two or three of the arrays have significantly 
differentiated means, but clearly large numbers 
are requisite, owing to the great variability of 
the near point, to obtain adequate determina- 
tions. We think, however, that there is enough 
evidence to show that the maximum mean Near 
Point Distance occurs near the modal value of 
the Index, and that the Near Point Distance ‘i 
becomes smaller for both increase and decrease Gepthalic Indexe 100°7, 
of the Index from this value. Drea tet: 


Position of Near Point in MM. 


Table CDXII. Near Point Distance and Cephalic Index, I, = 100 H/L. 


Near Point Distance in mm. (Central Values) 


a) 

FY ry rT ul Yq ig bled Ne = 

Index, 100 H/L|4 |S |4 BislS;, S/F} | Sl8lSlsS S 3 = = & a & 8 S + 3 is S © & iS % Ss ES 
59-95 is 2 2 
61-95 2 1/1 9 
63-95 1 0-5) 15! 1) 2} 2] 1 1 _ 10 
65-95 I 1 3 | 2] 2) 5) 4] 2) 4) 14] : 26 
67-95 1 |—|—/|—/—j| 3] 45} 35] 8 |12 9} 4/10) 7| 4] 5} 2)/2/—/1]/1]2)]2]1 82 
69-95 —{—j—] 1} 1; 113 6 |11 |17 |19)38]14)16/10}11) 8,7) 2)8)]7)2)3 I 1 1 — | 188 
71-95 —|—|—|/—| 3/2) 7 2] 16 |17 | 26]22]/30)14)16) 8} 8),2|)6)5)3)]3 2 ] | 2712 
713-95 —j—|—j/—]2]2)3 |13 | 8 ]19 |16)16/15)17) 6} 3)6), 5/3) 6/5 1 146 
75-95 —|—| 2|—] 1/3) 3 3 5 |12 7; 7| 6} 4) 4) 1) 2/)1)3 64 
77-95 i Pesan (REE Fe ae ee Pe ol ee aa ed i 1 1 28 
79-95 : ] i a ee ie ee 1/1 6 
Totals 1 |—| 2) 2] 7/13] 24-5| 49-5 | 51-5 | 86-5 | 82 |100) 86 | 65 | 43 | 35/28/18) 14) 21/16) 7/514 ad T;—]1/1;,1 1 | 766 


Central Values 
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(vy) Near Point Distance and Cephalic Index, I, = 100 H/B. Our data will be found in Table 
CDXIII, and the following constants have been found for the table: 


Near Point Distance: Mean 93-1753 mm., Standard Deviation 20-2101 mm. 
Cephalic Index, 100 H/B: ,, 86-8694 mm., - e 3:7194 mm. 
Product Moment Correlation Coefficient: 7 = — -1161 + -0240. 
Correlation Ratio of Near Point Distance on Index: 

7? vp.r, = °030,504, Wyp.s, = (015,584 + -004,253. 


Here 7 is small but significant, and ’? is significant having regard to 7; the value of 7’ yp. 7,18 1717. 
The regression curve cannot with satisfaction be looked upon as linear, although there is a distinct 
tendency for auricular heights large as compared with the breadth to have low values of the 
Near Point Distance, and for auricular heights small compared with the breadth to have high 


values of the Near Point Distance. We have POSITION OF NEAR POINT & CEPHALIC INDEX 100° 
ee NT GEPHALIC INDEX 100 / 


graduated the array-means by aid of a cubic: ALIEN JEWISH BOYS 


see Diagram 188. 


The array-means are as follows: s 
Grade of Cephalic Index, = 
100 H/B Mean Distance of Near Point & 

79-60 97-868 +2-338 mm. co 

81-95 92-059 +1-653 mm. e 

83-95 95-479 +1-244 mm. z= 

85-95 94-238 4. -941 mm. g 

87-95 95-571 41-152 mm. ral 

89-95 90-510 +1-377 mm. &s 

91-95 86-333 1-760 mm. x 

94-28 86-667 +.2-783 mm. 8 

98-70 87-500 43-408 mm. 3 

; o 

General Population: 93-175 + -491 mm. ag 


Little can be asserted as to the differentiation 
of individual means, but the sequence as shown 
in the graph is fairly regular, and taken in 
conjunction with the significance of the cor- 


Cepkalic Index 100'f, 
Diagram 188. 


relational measures, we think it probable that vision is influenced by the ratio of height to 
breadth of the head. 


Table CDXITI. Near Point Distance and Cephalic Index, I; = 100 H/B. 


Near Point Distance in mm. (Central Values) 


it 

Index, 1004/B)8|S|S/Rj/81B) BS) 2) 2) B) 8/8 slsls\/sj3/R/ 8/2 /3/S/3/Bisjsisjejeis) :js/s 
“1 

75:95 -—|-- al ee 2 1 1 2 
77-95 —|—- 2 2 
79-95 — I 0-5) 45] 1] 41 4) 5] Ll] 4] 2 2 | 30 
81-95 —/—/—/—| 1] 21/3 2 7 6 | 4/11} 11] 5) 7/—] 1/38 4 1 68 
83-95 —/—|—] 1 /—] 6] 45/125} 4 /11 |10/21} 6} 8) 513) 7) 4!/—|1/6)|3) 4 H 1 /—-| 1 —} 120 
85-95 1L{—/J—]|1]2/1]7 |12 |14 |16 [28/24/24)20/18] 8/11} 2]5/7)3]2/1)3 210 
87-95 —/—j—/—; 1] 2] 1 8 | 9 {20 |17]11}20]13) 2}9| 2)9|6) 4) 4 1 140 
89-95 —/—/—|—]} 1/1] 4 5 |1l {12 | 9/12)14) 9) 8) 4] 3/—/1]1]3 98 
91-95 —|—| 2{/—] 2]1] 2 8 3 6 6{/12] 5] 2] 2)4} 2J—) 2) 1 j— = 60 
93-95 _— 1 1 1 3/7) 411 1 1 20 
95-95 l 1 |— | 2 = 4 
97-95 6 a 2 l 1 10 
99-95 2 2 1 1 6 
Totals 1 }—| 2) 2) 7 | 18] 24-5] 51-5 | 51-5 | 88-5 | 82 |100| 86 | 65} 43 | 35) 28/18)14)21/16! 7] 5} 4]/—)1/—la1ai1ij4 770 


337-2 


Central Values 
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(iii) Distance of Near Point and Interpupillary Index. Our data are recorded in Table CDXIV, 
and the graph (Diagram 189) indicates that with the exception of the two terminal arrays there 


is a steady if small increase of the Near Point Distance from Interpupillary index 36-45 to 43-45. 
The constants of the table are as follows: 


Near Point Distance: Mean 93-1348 mm., Standard Deviation 20-2075 mm. 
Interpupillary Index: ,, 40-0388 mm., x, os 2:2012 mm. 
Product Moment Correlation Coefficient: 7 = + -0506 + -0243. 
Correlation Ratio of Near Point Distance on Interpupillary Index: 

7” vp.mr = °034,332, Wne.p) = 018,325 4: -004,619. 


We see from these results that while 7 is non-significant 7?yp.;,; is quite possibly significant. The 
array-means are as follows: 


Grade of Inter- POSITION OF NEAR POINT & INTERPUPILLARY INDEX 
pupillary Index Mean Near Point Distance ALIEN JEWISH BOYS 
35-20 98-750 +3-407 mm. . 
36-45 85-263 +2-211 mm. = 
37-45 89-194 +1-731 mm. = 
38-45 90-707 +1-160 mm. = 
39-45 93-962 41-195 mm. g 
40:45 94-859 1-144 mm. 3 
41°45 96-887 +1-:349 mm. 3S 
42-45 94-375 +1-704 mm. ° 
43-45 97-500 +2-010 mm. 6 
45:91 84-423 +2-673 mm. Zz 
~ 
General Population: 93-135 + -493 mm. - 
2 
Again, little is to be learnt by testing indi- % 
fe 


vidual means by aid of their probable errors. 
We can trust only to the impression formed by 
the total system and the probably significant 
value of 7’y-p.47- We may sum up the situation 
by stating that it is possible that there is a 
small increase of Near Point Distance as the pupils relative to the breadth of the head are farther 
apart. But the relation cannot be definitely asserted on the basis of our data. 


340 36-0 38-0 40-0 42-0 44-0 460 
Interpupillary Index 


Diagram 189. 


Table CDXIV. Near Point Distance and Interpupillary Index. 


Near Point Distance in mm. (Central Values) 


wn 
a 
34:45 2 2 4 
35°45 I 2 1 }|—j| 2) 1J/—]}] 1]—i—] 1] 2 1 12 
36°45 —|—|—!I—| 1/1411 4 6 5 3, 7) 3) 5 2 38 
37-45 —)j—}|—j;—j—|} 113 8 6 |14 3) 7/ 2} 4] 1) 3] 4] 1]1)3 1 62 
38-45 —|/—|}—|—|—| 41 6 12 8-5/18-5/17/18)14)10| 9} 6) 4) 1]/—|4]3)/ 2] 1 138 
39-45 —|—/|2})—!4/2]/8 Il 8 9 |1L/17/17]} 4) 612])4)7)4),5)2!) 1] 2) 1 )—j—jJ—] 1 fi j— 1 |130 
40-45 —/—}]—|1)2)1)1 5 |10 |14 $16]21|15)}23)10) 6) 4!—|2]/3)38) 1) 1) 12;—)}1)—|—/—}1 — |142 
41:45 1 |—|]—)]—|—| 2 | 3:5 | 2-5) 4 3 15/11]15)10} 8] 8)/7;4/2);—]/3]1]/1)]1 102 
42-45 1 2 2 5 9 110; 8; 2] 5] 3) 5!)3]4]1) 1) 2 1 64 
43-45 1 5 7| Sill) 3] 4} 4), 1/—j) 2/2) 1 46 
44-45 J ] 1} 5;—) 1] 1 10 
45°45 i J 1 1 4 
46-45 4 2 6 
47-45 2 2 4 
48-45 ~ 
49-45 2 2 
Totals 1 |—] 2] 2] 7 | 13) 24-5) 51-5 | 49-5 | 88-5 | 82 |100) 85 | 64 | 43135 | 27|18)14) 20116) 7) 5) 4;—) 1 j]—);1] 1] 1 1 | 764 
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(iv) Near Point Distance and Index of Sunken Eye. The data are collected in Table CDXV. The 
constants deduced from this table are as follows: 


Near Point Distance: Mean 93-1753 mm., 
89-8526 mm., 9 29 


Index of Sunken Eye: ,, 


Product Moment Correlation Coefficient: 


Correlation Ratio of Near Point Distance on 
Index: 
041,082, 


020,779 + -004,899. 


Clearly r is non-significant, but having regard 
to 7 yp.se, and its probable error 7? yp.9,; must 
be considered significant. The first two array- 
means are, however, extremely erratic (see 
Diagram 190) and it is necessary to consider 
whether this can be due to the smallness of 
their frequencies. 


"2 _ 
2) “NP.SEI = 


=2 = 
YNP.SET >= 


Standard Deviation 20-2101 mm. 
2:7400 mm. 
r = -0035 + -0243. 


POSITION OF NEAR POINT & INDEX OF SUNKEN EYE 
ALIEN JEWISH BOVS 


5 g 


Position of Near Poirt wz MM 
a 
eo 


60 


82-0 


840 86-0 
Izdex of Sunken Eye 


Diagram 190. 


Grade of Index Grade of Index 

of Sunken Eye Mean Near Point Distance of Sunken Eye Mean Near Point Distance 
82-02 93-571 +3:643 mm. 90-45 93-889 +1-312 mm. 
84-45 101-667 +3-213 mm. 91-45 96-136 +1-300 mm. 
85-45 84-643 +2:576 mm. 92-45 90-227 +1-678 mm. 
86:45 88-843 +1-855 mm. 93-45 92-400 + 1-928 mm. 
87-45 86-354 + 1-967 mm. 94-45 89-821 +2-576 mm. 
88-45 97-364 + 1-300 mm. 96-01 90-000 +3-213 mm. 
a Peel eh eee am: General Population: 93-175 + -491 mm. 


There is thus no doubt as to the significance of the dip from 85-45 to 87-45, although the 
actual values at 82-02 and 84-45 are somewhat uncertain, but the latter could hardly have an 


Table CDXV. Near Point Distance and Index of Sunken Eye. 


Near Point Distance in mm. (Central Values) 


mn 
Sunken Bye |@|*/%)8/8/S) 8/2 | 8 |  |/8/8/8/8/2/2/8|8/s/2/$/8/2)/2/8/8/s/8/8) 2/81 s 
a 
76-45 2 2 
80-45 2 2 
81-45 
82-45 
83-45 2 |— j— 2); 2)—) 1) 1]; 1) 1 10 
84:45 2 1} 5) 2}/—/] 1} 38]; 1]—] 1) 1 I 18 
85-45 1 1 8 6 3, 1} 4) 2 1 1 28 
86-45 1 |/—|—|—/—] 2/05] 35] 4 |10 4/11) 4; 5) 3] 2 4 54 
87-45 —|—|—|—; 1) 1] 3 5 | 3 8 4; 6] 8; 1] 5) 1/1 1 48 
88-45 —|—|—|—j—! 1] 4 8 6 7 |15| 9) 8/15) 5]5)/4/7)6}4),4/1 I 110 
89-45 —|—|]—|1)/2)4)]3 1/11 65 | 55) 9}10/18)/12)} 9} 3)}8)5)2) 3/4) 1 1 118 
90-45 2 6 |8 |16 /11/18] 9} 6}9}8])/6)1]/1]/3)2)2 108 
91-45 —|—|—|]—] 1]1]4 5 7 |11 (16/14/14) 7) 4) 5'4/12)4)/2/2/1)3)1 1 1/110 
92-45 2 3 5 | 6 8 9} 7} 8) 7) 4] 2] 2 | 1 I 1 —| 66 
93-45 = 2 3 3 [1l 3/11} 5) 4) 1;—J/—/ 1 }—| 2] 1} i] 1) 1 50 
94-45 —|—|~—|]—]} 1] 3};— 2 ;— 2 2) 5] 4) 5) 12) 1)/—j—j—| 1] 1 28 
95-45 —|—|2;—!i—]| 1}1 /— |— 2 —_ 2 1 1 10 
96-45 2 2 6 
97-45 2 
Totals 86 35 T}—|;|1]1]1 1 | 770 
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array-mean as low as the dip, even if the true value of the mean were less by 4 to 5 times the 
probable error. Beyond the dip there is scarcely any significant divergence from the mean of 
the General Population. It seems hard to discover any circumstances which would account for 
the singular nature of the regression curve in this character, but the receding or protuberant 
character of the eye does appear to affect the Near Point, although the modus operandi is far 
from clear. 


(h) Correlation of Pigmentation with Index of Sunken Eye and Interpupillary Index. The fact 
that ocular characters seem to be correlated with pigmentation and cephalic lengths, if only in 
a slight but yet significant degree, leads us back to the question of whether such characters actually 
influence the vision or are indications of racial differences and racial admixtures. If the variations 
of vision with iris pigmentation and with cephalic indices of diverse kinds are due to race we might 
expect that Eye Colour would exhibit correlation with such characters as the Interpupillary 
Index and the Index of the Sunken Eye, and we accordingly formed tables of these variates with 
Eye Colour. 


(i) Index of Sunken Eye and Eye (Iris) Colour. Our data will be found in Table CDXVI. 


Table CDXVI. Index of Sunken Eye and Eye (Iris) Colour. 
Index of Sunken Eye (Central Values) 


x? |g [re |r Jr Jag [29 Lae Jag |e fre fag [re frp [ap fig Jig fag [ae fig [ig jig Jig Jin | & 

Eye Colour | PCT LS [Re a | ea Ty Se | SR aL Sa |S | SSE | DSS | at LSS cts eae sort ena a as) aH) 2S 

elrloljal/Slolalal#/oel/ejrlalealsSslalaAlwals+/ bl /Sl|/R [ola] 5 

eal km SN I OW cca 
Dark Brown —|—|1)1 4! 3) 5] 5) 5] 6/—| 3} 2);—]1)/—);—|]—] 36 
Medium Brown 1};—}—);—] 1 J—}—| 2] 4] 3 | 6/10] 26) 15] 23) 22/15! 9} 6] 2; 2 | —|—}]—] 147 
Light Brown —}]—)}—J—|—)|—}]—)| 1) 2) 4) 7) 12) 15} 11)14)14) 3) 4)7) 1 )—)/—}—]—)] 95 
Hazel —}]—]1};—}]—);—] 2) 2)2) 3) 5] 8115)10) 9117) 5) 7) 3)}/—!}!—j; 1] 17); 14) 92 
Grey —}—|/—}—!}|—j;—j}—] 2] 2) 1510) 2411/18] 8 7|/5/]/1/]2);—|—|—|—]| 77 
Blue Grey —)/—;—;—]1};—!|—)} 2} 1)]5] 2] 5] 6) 6] 4] 6] 4) 4)]4) 1 /—|]—|/—]—}] 51 
Pure Blue —/;—|]—|]—}—}—;—] 1] 1] 2 IT} 2} 2] 4}/—] 1} 3) 1 }—j};—]1/—J]—]/—)] 19 
Totals 1;—]; 1};—] 2 }—j] 2 | 10] 13 | 19 | 35 | 42 | 80} 69 | 63 | 74 | 37] 33) 23} 6) 4) 1) 1) 1/1517 


The constants of this table are as follows: 
Index of Sunken Eye: Mean 89-7092, Standard Deviation 2-9424. 
Correlation Ratio of Index on Eye Colour: 
1” snrnc = *004,458, 7 sn1.nc = 011,605 + -004,490. 
Clearly the correlation ratio is non-significant. The array-means tell the same tale: 


Grade of Iris Pigmentation Mean Index of Sunken Eye 


Dark Brown Wes 89-839 +-331 
Medium Brown ... 89-953 +:°164 
Light Brown... 89-618 +204 
Hazel sa si 89-700 +-207 
Grey one Bes 89-593 4-226 
Blue Grey tee 89-489 +-278 
Pure Blue - ses 89-134 4-455 
General Population 89-709 +:087 


Not a single array-mean is definitely differentiated from the mean of the General Population, 
and we conclude that the condition of relatively protuberant or relatively recedent eyes has no 
relation to Iris Pigmentation. 
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(ii) Interpupillary Index and Eye (Iris) Colour. Table CDXVII gives our data. 


Table CDXVII. Interpupillary Index and Eye (Iris) Colour. 
Interpupillary Index (Central Values) 


ow 

Eye Colour FPS] FSS P/F LS F/R FS) PS) FF |S sls 

xt 1g o t fore) D> So Lape] a oD tH 1D eo) t ee) > i) 

ors oO oF oF oO oO a H a H Si) tH * H ai = =~ 
Dark Brown —~ 2 2 3 5 6 5 5 2 2 1 2 35 
Medium Brown — 6 7 12 27 22 28 20 13 8 1 I 145 
Light Brown 1 _ 5 12 17 18 19 4 9 7 2 — ] —_ -— — 95 
Hazel I ] 8 Il Il 12 22 16 4 2 —_ —_— 1 1 — — 90 
Grey oa _— 3 9 18 14 11 9 6 3 ] —_— 1 — — — 75 
Blue Grey 1 I 2 2 12 12 7 4 3 3 —_— 3 — 1 — _— 51 
Pure Blue — | — 2 3 5 Bf 3] — I 17 
Totals 3 10 29 52 95 87 92 6] 37 26 5 5 3 2 _ 1 508 


The constants of this table ave as follows: 
Mean Index = 39-8240, Standard Deviation of Index = 2-1964. 
Correlation Ratio of Interpupillary Index on Eye Colour: 
2” wre = *006,755, Piptec = °011,811 + -004,569. 


Accordingly the correlation ratio appears non-significant as far as our material reaches. The 
same result appears from examination of the array-means: 


Grade of Iris Pigmentation Mean Interpupillary Index 


Dark Brown wes 40-050 +-250 
Medium Brown ... 39-850 +-123 
Light Brown... 39-850 +-152 
Hazel ae vs 39-736 +:156 
Grey ste ies 39-797 +171 
Blue Grey ahi 40-058 + +207 
Pure Blue ae 39-038 +. -359 
General Population _ 89-824 4-066 


Thus while Interpupillary Index and Iris Pigmentation both show indications of association with 
ocular characters, not a single one of the above array-means is significantly different from that of 
the General Population, or we must hold the Interpupillary Index to be independent of Iris 
Pigmentation. The phenomena of near or far set eyes and of protuberant or receding eyes are 
uncorrelated with Eye Colour. These results are noteworthy as they tend to emphasise the 
importance of the occasions when we do detect by aid of the correlation ratio and probable 
errors of array-means slight but significant associations. Here nothing is to be found by these 
processes*. 

Conclusions. To sum up this section of our work, we must admit that with our present oph- 
thalmic data and the head measurements a priori selected we have not reached close correlations 
between the ocular characters and either pigmentation or cephalic measurements. But in breaking 
what we believe to be new ground we have come across indications that such correlations probably 
exist, and that their discovery depends upon more ample material, more delicate ophthalmic 
observations and an extended system of cephalic measurements. The latter must be more or less 


* At the same time the reader who will carefully compare the array-means with the population mean in the last 
table, disregarding the non-significance of y’ and the individual probable errors, will be likely to conclude with us 


that there is possibly a very slight tendency for the eyes with dark irides to be more close set, and even here to see a 
suggestion of racial relationship. 
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tentative until we have discovered the more closely associated factors. But the reader who has 
carefully followed our sections on the relation of vision to intelligence, school work and environ- 
mental factors will certainly conclude with us that there is far more hope of showing vision as a 
function of anthropometric characters than a product say of environment. In other words it is a 
question of race, rather than of immediate surroundings. We say “immediate” surroundings for 
race itself is in our view the integration of the effects of an indefinitely long historical environment. 
How far the poor sight of the Jews reaches back to their oriental racial origin or is a product of 
centuries of ghetto life and selection it would be impossible to predict until we know more about 
the eyesight of the Semitic peoples generally. Meanwhile our data seem to indicate that poor sight 
is not the product of the immediate environment, nor likely to be substantially influenced by a 
change in that environment; it is rather a racial character only to be modified by selective action 
through many generations. 


(T'o be continued) 


